cc

=]
~
w
[
[
W
=
=
—
[
=
[
w
-
]
<
(-]
=
<
=
o
I
-
[
N
-
=
1=
Q
=
<
[

POSTGRADUATE SCHOOL MONTEREY CA

. AD-A178 867

UNCLASSIFIED




o =
EEER




e FILE COPY o & -

NAVAL POSTERADUATE SChoOL B

Monterey, California

AD-A178 867

'DTIC &
ELECTE R
APR O 8 1967 ' i

Y 1'!'\;
D e

THESIS i

RANDOMIZATION AND ALTERNATIVE TESTS

by
Christopher C. Whitehead he e,
December 1986 i

Thesis Advisor: Donald R. Barr

"y
. Approved for public release; distribution is unlimited. A

/837 N
g7 7 5

----------------

8Y 4 7 1353




DISCLAIMER NOTICE

THIS DOCUMENT IS BEST QUALITY
PRACTICABLE. THE COPY FURNISHED
TO DTIC CONTAINED A SIGNIFICANT
NUMBER OF PAGES WHICH DO NOT
REPRODUCE LEGIBLY.

000 BN N A R RN M N ST LN N AN NN

o



URI L &7

REPORT DOCUMENTATION PAGE

2. REPORT SECURITY CLASSIFICATION 1b. RESTRICTIVE MARKINGS
UNCLASSIFIED
22, SECURITY CLASSIFICATION AUTHORITY 3 OISTRIBUTION/ AVAILABILITY OF REPORT
Approved for public release; distribution
e —————————— T L] 9
2b. DECLASSIFICATION / DOWNGRADING SCHEDULE is unlimited.
-
L o e T Y~ M Y S Y s
4 PERFORMING ORGANIZATION REPORT NUMBER(S) S. MONITORING ORGANIZATION REPORT NUMBER(S)
- e
6a. NAME OF PERFORMING ORGANIZATION 65 OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATION
(if applicable)
Naval Postgraduate School Code 55 Naval Postgraduate School
6c. ADDRESS (City, State, and ZIP Code) 7b. ADORESS (City, State, and ZIP Code)
Monterey, California 93943-5000 Monterey, California 93943-5000
8a. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (if applicable)
8¢<. ADDRESS (City, State, and 2IP Code) 10_SOURCE OF FUNDING NUMBERS
PROGRAM PROJECT TASK WORK UNIT
ELEMENT NO. NO NO ACCESSION NO.

11 TITLE (include Security C-IEﬁcmon)
RANDOMIZATION AND ALTERNATIVE TESTS

12 PERSONAL AUTHOR(S)
Whitehead, Christopher C.

1338 TYPE OF REPORT 13b TiME COVERED 14 DOATE OF REPORT (Year, Month, Day) 'S PAGE COUNT
-|]Master's Thesis O ™ e 11986 _December 20

16 SUPPLEMENTARY NOTATION

17 COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by biock number)
_[pEwD GROUP SUB-GROUP Randomization Tests, Simulation, Power, Robustness

i
{

‘9 .ABSTRACT (Continue on reverse if necessary and identify by block number)

~/ General randomization test procedures and their applicability as practical tests of
significance are discussed. Specific procedures are detailed for the two sample
comparison of means and the one-way analysis of variance. Through Monte Carlo simu]ationﬂ
the robustness and power of these specific randomization tests are examined and compared
against parametric, nonparametric, and approximate randomization test alternatives.
Selected test conditions include various sample sizes, continuous and discrete sampling
distributions, and various approximate randomization test sample sizes. Results of the
simulation indicate that randomization and approximate randomization tests are as robust
and powerful as parametric tests and more robust and powerful than comparable nonpara-

4 metric tests. Furthermore, the results imply that parametric and approximate randomi-
zation tests may provide excellent alternatives to randomization tests when exact

randomization tests may be infeasible. ', -ces), X .
L

20 O1STRISUTION/ AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION
@ unciassirieomnumteo O same as ket Jornic users | UNCLASSIFIED

2230 NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (Include Area Code) | 22¢ OFFICE SYMBOL
Donald R. Barr (408) 646-2663 Code 55Bn

.

00 FORM 1‘73. 84 MAR 83 APR edition may be used unt:l exhausted SECURITY CLASSIFICATION OF THIS PAGE

All other editions are obsolete

1

- -

O O A A O A A T OO G O A Dy L W o o e s L U s 0



Approved for public release; distribution is unlimited.

Randomization and Alternative Tests

by

Christopher C. Whitehead
Lieutenant, United States Navy
B.S., University of Texas, 1978

Submitted in partial fulfillment of the
requirements for the degree of

MASTER OF SCIENCE IN OPERATIONS RESEARCH
from the

NAVAL POSTGRADUATE SCHOOL
December 1986

Author: =

' Chris'topher C. Whitehead

Approved by: M_&AL_
Donald R. Barr, Thesis Advisor

Jle

T. Jayafhgpdran, Second Reader

% f a“dw For

Peter Purdue, Chairman,
Department of Operations Research

2




AESTFACT

General randomization test procedures and
applicability as practical +ests of zignificance ara
discussed. Specific nrocedures are detailed for the two
sample compar:iscn of means and *he oSne-wav analysie o€
variance., Through Monte Carlc simulation. the robustness
and oower of these specific randomization tests are emamired
and compared against parametric, nonparametric, and
approximate randomization test alternatives. Selected +est
conditions 1nclude various sample sices, continuous and
discrete sampling distributions. and arious approximate
randomization test sample sizes. FResults of the simulation
indicate that randomization and approximate randomization
tests are as robust and powerful as oparametric tests and
more robust and opowerful “han comparable nonparametric
tests., Furthermore, the results implv that parametric and
approximate randomization tests mav orovide eucellent
alternatives to randomization tests when eract randomization

tests mav be infeasible.
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I. INTRODUCTION

In experimentation and data analvysis two ma ;or
assumptions often required for hypothesis testing and
estimation are (&) random sampling, and ‘b) assumptions
about the distributional form of the population from which
the data wer2 sampled. If one assumes random sampling from
a population which is of a certain parametric form (@.Q.,
normal) then statistical inferences =zan be drawn using
parametric analysis (e.g.. the t test). On the other hand,
if one assumes random sampling without making parametric
assumptions about the underlvying population, then
nonparametric statistical tests can be used ‘e.g.. the <sign
test). These assumptions mav not be valid in many
practical experimental and data analysis situations, making

the associated statistical tests of questionable validity.

3
-+

Randomization tests are statistical tests

significance that dec not require random sampling or

b
D

parametric distributional characteristics. In 1925, R,
Fisher first demonstrated the use of randomization tests in
an experiment involving "sensory discrimination' between +wo
treatments [Ref. 11. The experiment was described as
follows:
A ladv declares that by tasting a cup of tea made wi%h
mill she can discriminate whether the millk or the tea

infusion was first added to the cup . . . . Our erperiment
consist: of mining eight cups of tea, four 1n one wav and
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b

| four 1n the other., and presenting them ta the sub.ezt for
| jsudgement in a random order . . . . Her %ask 135 o divicde
| the 8 cups intec two sets of 4, agreei1ng. 1f possible, with
the treatments received. [Fef. 1]

, Given 70 wavs of choosing & grour of 4 objects from 8,

Fisher zargued that, sinc2 the cCups were opr2sented 1n El

random order,. each of the 70 wayvs could be cheosen v mere
chance with 2 probabilit, oF 1770, He +then suppcseqd ar
: nbser .ed outcome of T right and ! wrong. Eased or the

limits 2 a null hypothes:

(]

that *he zub;ect possesses ~C
zsensor. discrimination as -laimed, Figher ncotega that the
‘obser sed’ outoome could have 2Accurredg n ls cf the possible
70 wave and that a better result, 4 right. could nhave

occurr=2g :n one additional way., Fisher therefore concluded

[

*hnat the sigrificance o *the supposed outzome was 1770,
[Resf. 12

Cince Fizher =z ~“emonstraticon of +heir oractical vses.
randomization tests na.ve been apoblied 1mn a variety of
statistical conte:ts. These applications 1i1nclude +among
Jthers' the two sample compar:szon o©f means. analvsis of

variance. analvysis of Ccovariance. +tests +or correlation,

test

far trend. and regression analvsis [Ref, 2:po.
T27-77413. In germeral., randomization %“e2st procedures inwval.e
(a2) repeatedly dividing or permuting the experimental dJata
tand for +*hi1s reason randomization tests are sometimes

referred %o as permutat:or test

Y (b computing a test
statistic for each J1v1310n or permutation, and e

comparing the observed e perimental test statistic tc the

N

10
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test statistics obtained from the permuted data ([FRef. I:p.
1]l. Since thase orocedurzs involve repeatedly dividing or
permuting the data., they typically reaquire a significant
amount 2 zalculations $or even relatively small sample
s1zes. Consequently, practical apnlications of
randomication *ests have met with opposition [Ref. 3:p. 2°1.
Furthermore., randomization tests are either neglected

entir=ly o2r r2ceive 2nly cursory attention in man-/

it

gtatistics teutbooks.

1]

The purpeose of *his thesis is to review the general
conditionz under whizh randomization tests mav be employved,
to illustrate whvy the opposition +*o using randomization
tests mav be well founded. and teo identifv alternatives or
approximations which mav be used in lieu of randomization
tests. GSpecific randomization test procedures are sramined
for *he case of *he *wo sample comparison o9f means and
one-wa. analvsie of variance. For each. Monte Carlo
simulations are used in an effort to examine ‘under selected
conditions' the si1ce. power. and robustness of randomization
tecsts as —ompared to other tests of zignificance which have
historically been used in these situations. In thiz the=is,
power will be referred *o as a tests ability %5 detect a
false null hypothesis. Alsag, robustness will be referred to
as a test’ s ability +to correctly identifv a true null
hypothesisz under changes 1n sample si1zes. sampl ed

distributionzs. and zampled distribution parameters.

11
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II1. FRACTICAL AFPLICABRILITY OF SANDOMIZATION TESTS

A. DISCUSSION

In performing randomization +*ests. *the s1g9nificance
level 15 derived from a comparison of the calculated test
statistic with the test statistics obtained §from repeated
sermutations of the data. Therefore. these tests do not
depend on parametric Jdistributional characteristics of +*he
observed data and are considered Jis¢r-ibution-Free tests.
Like other <*ests of si1gnificance. *hev require certain
assumptions and a ori10r:1 criteria before valid sta%tistical
inferences can be made about the populations from which +the
experimental data were sampled. The purpose of this chapter
13 to discuss *hese assumptions and to compare them with
those reauired +or other tests 0Of significance. We comment
on the ocoposition to using randomization tests., followed b
2 1loob at al%ternatives or appro-imations historicall. used

in lig2u 2+ randomization tests,

E. SANDOM V'S, RANDOMIZED SAMPLES
Edgington and Strain [(Fef, 3I:p, 389 Have argueg 4“has
~andomization tests are *he onl. valid statistical teosts

when randomized zamples ha.e bheen 2btairnedc, T za1n an

understanding cf the 1 ¥¢éerence tetween random sampling  and

rangomized samples. recall tmat a -3rnoCce® cfawple 1=

w

*

' sequence o ~ incecendert and 1denticall. distribotad
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I random variables X1, X2, . . . 4, %n." [Ref. 2:p. &21 in
practice. data are drawn from a population using some formal
method. such as rolling a die. drawing numbere from a +table
v of random numbers, or calling a computer random number
generator. For finite populations. random <campling theorvy
requires that each member of the population must have been

equally likely to have been chosen in the sample (Fef. 2:p.

T ok
Y ‘ s £ -

62]-

When sxperimental =zub jects are not randomly selected but

=S
]

are randomlv assianed to treatments. then the observed

-

ot

-

“perimental data represent randomized samples. In this

>’

case, parametric tests based on random—-sampling models are

zﬁ not valid [FRef. d4:p. 291. The alidity of randomization
»Q: . tests under the assumption of randomized samples can be
. illustrated by exxamining the general procedures. As
’$S oreviously described. the level of significance obtained in

o

randomization tests is found by comparing the observed +test

KA

statistic to the test statistics obtained from the permuted

'’

 : data. For example, in Fisher’'s euxperiment, the test
a3

j;J statistic was the number of correct responses. The
o L

3 "observed test statistic® (I right) was the test statistic
)

derived from the supposed e:perimental outcome, T right and

-

AN

1 wrong. This observed test statistic was compared against

. m

all possible wavs 1n which correct responses could have

' |
r)

Vs occurred - O right i1in 1 wav, 1 right in 16 ways, 2 right in
]
ﬁ & wavs, T right in 16 wavs, and 4 right in 1 wav. The test
~
S -
Vs,
J
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statistics derived +rom the opermuted data constitute a
discrete distribution (sometimes called the reoferernce or
randomization Jdistribtution [Ref. S:pp. 94-271) from which
the significance level mav be obtained. The permuted data
constitute a discrete sample space of which the experimental
outcome is 3 member. If subjects were randomly assigned +to
treatments, then the observed e:perimental outcome is
equally likely to have been anv member of this sample space.
Thus. the requirements of random sampling theory are
indirectly satisfied and valid statistical inferences can be
made.

In many practical experimental situations it mayvy be
impessible to select random samples from a given population
about which statistical inferences are to be made. In *this
case randomized samples mav be a viable alternative and
randomization %fests may be applied. For example. consider
an experiment in which it is desired to test whether the
average course grade given by Frofessor A is greater +han
the average course grade aiven by Frofessor B.
Theoretically, if random samples are to be taken. then the
pooul ations from which the samples must be randomlv selected
are all the students who have taken and completed the
courses together with all those students who will take and
complete the two professors® courses. Random sampling from
these pobulations is i1nfeasible and a statistical test which

assumes random samples may be 1nvalid. However. the method

14
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of randomized samples could be used. In this case. a group
of students could be selected (not necessarily at random)
and randomly assigned to take either of the two courses.
The observations obtained from the experiment represent a
randomized zample and a randomization *est could be used +to

make statistical inferences about the average course grades.

C. A PFIDRI CRITERIA

As in other testsz of szignificance. when performing
randomization tests the hypotheses and a test statistic
applicable to the hvypotheses must be chosen a opriori.
Furthermore, if a decision to either accept (or fail to
re;ect) or reject the null hypothesis is to be made. then
the commonly used Neyman—Fearson procedure for hypothesis
testing (involving Type 1 and 11 error rates) reguires
selection a priori of the significance level (e.g.. LO3) .

[Ref. &1

D. OBJECTION TO USING RANDOMIZATION TESTS

The major objection te using randomization tests in
their =arly development was the number of calculations
reguired to perform them [Ref. 4:p. 89]1. Randomization test
procedures reqguire that the observed data be repeatedlv
divided or permuted. and that a test statistic be computed
for each division or permutation. Then clearly, the number
of calculations required in performing a randomication test

is directl proportional to the number of divisions 2r

15




permutations. Since permutations ‘actually combinations)
are 1nvolved. *hen the number of calculations r2auired +«o
perform a randomization test i1ncreases ver. rapidlv for even
small sample sizes,

For e:ample, consider +*he ‘avera

s]
"

1
u
[
]
w
0
']
B
»
n
)

experiment above. An approoriate test statistic for the
comparison of two treatment means 1is the ari1thmet:c
difference 1n means. Suppose that 10 students are selected
(again., not necessarilw at random) and randomlv assigned %o
the two professors® classes. Assume further that & students
are assignec *to Frofessor A's class and © *o Frofessor B's
class. and that at the zonclusicon of the class peri10d. a set
of 4qrades (s obser‘\ed. From ¢the observed 3Jrades, a
difference in means 1 computed. Th:is Zdi1fference serves as
the observed *test statistic, In ¢this euper:ment (as  1n
Figher' s e:reriment', determining the significance of the
obser.ed test statistic requires determining *est statist:ics
for each wav 1n which the observed grades could nhave
occurred. This 1nvolves the number of wavs 1n  which !
ob,ec%s can be assigned S at a time whaich 18 10! ‘E'T' or 252
wavs. For esach of these 252 wavs, a test statistic RSa¥ ]

difference 1n means) 138 computed. Although *=i1s ma. not

seem “0 be a significant number 3Ff <computations, Ionsider

“ases where the sample si-es :(nc~2ase. For *wo groucs ¢ 10

students each, *he computaticons become 20 10 10 whyico™ 15
134, 75s. For two Jrouczs =4 0 eaz-. the result 18
appro-iimatelw 1.78 10 gy siference 1~ TEa"$s IIMCLTA%IITS.

le
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As the above numerical examples illustrate. *he number
of combinations and the subsequent calculations which may be
reaquired in performing randomization tests increases aquite
rapidly with increases in sample size. With todav’e high
speed computers, the above example calculations seem less
faormidable. However, compared with other parametric and
nonparametric tests. the computer time and costs required to
perform randomization tests continue to have some impazt on
their use in practical applications. For erample. for even
an extremely fast computer, the last result obtainmed above
(1.78:210**) could well represent a substantial amount of
computer time and costs. Therefore, the aobjection to using
randomization tests for even moderately =z=ized samples
remains. and., depending on the specific circumstances. the
use of other tests of significance may well be practical
alternatives as approximations to randomization tests. One
such alternative suggested by Dwass [Ref. 7] is the use of

approvimate randomization tests.

E. APFFOXIMATE FRANDOMIZATION TESTS

Approsimate randomization tests are randomization tests
in whizch the significance level 13 determined from a zubset
of the test statistics mali1ng up the reference distribution.
That is. randomly selected permutations of the data are
obtained and test statistics are computed for these
permutations onlvy. The test statistics which result from

these randoml, selected permutations male up an appro imate

17
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randomization Jistributionr from which a level of
significance zcan be obtained. For example. instead of
zomputing all 1.328:10** difference in means above. a
considerabl smal ler number of randoml v selected
permutations. say 1000, zould be obtained and difference 1:1n -
means computations made for these randoml v selected

permutations onlv. Then, a significance level czould be
determined using these 1000 test statistics rather than all
1.28:110%% gtatistics.

Since the significance level obtained bv this method i

ut

based on & subset of the reference distribution. it is an
approximation to +the significance level which could be
obtained us:ng the entire reference distribution. Edgington

[Ref. 3] showed that for a random sample of 312 (000 fan

arbitrary choice but probably based on research bv Dwass .
[Ref. T1). an approximate randomization test would result 1n
*he assignment of a significance level of no areater than
L0655 with probability .95 when the e:act randomization test
would result in a 0% significance level. Furthermore,
resear-h bv Edgington and Strain [(Fef. 4] demonstrated that
considerable savings 1n computer time and costs could be
realized using a 1000 sample approximation rather than the
eact randomization test. The conclusions reached by these
two studies i1indicate that although +%the significance le-el
Jbtained b. this alternaty.e method is sti1ll an

appr=: 1mation  to the si1gnificance level that could

(2§
1]

18




obtained by using the entire randomization distribution. it
is a viable alternative to the randomization test when the

randomization test may be impractical due to eucessiv

computer time and casts.




ITII. TWO SAMFLE COMEARICON JF MEANS

A. DISCUESION

The curoose of this chapter iz %2 detail cecific

randomization %test procedures apolicable tc the twe zamdle
compar:son St mears, Included are a discuss:on >f the
method o¢ permuting t=e data and appropriate teszt stat:istics
which car 22 usec. The method o2f compari-g the obser-ed

t23t statistic to the test statistics obtained +from the

1]

permutad Zdats to a

3

ri.e at a level of si1gnificance 1is also
grscussed. Add:tionally, specific alternatives are
identifiec and the speci1fiz simulation methodolcgy used in
examining si1anificance levels obtained from the
rantomization test and alternat:ve tests 13 described.
Lastl,y., an aralwvsis of *he rasults of the simulation 1s

included.

B. CSFECIFIC FANDCMIZATION TEST FROCEDURES

Specifi1c orocecdures agbl:icable to rancdomizatior tests
éor the twc sample comparison ¥ means reqQuire:
. A specific methcod =+ -ermuting the Jata.
2. A selection of ar accropr:ate test ztat:ist:c,
. A specific methcd of ccmparing the obser.ed “est
statistic with *the *test stat:stics chtaired <ércm 4-p

cermuted data.
Each of *“ese scec:<ic orocecdures s fetailed helow  alz-g

wit= an e amcile.
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1. FPermuting the Data

In performing randomization tests for the two sample

comparison of means, the observed data are permuted across

- -

each treatment so that all possible ways in which the data

h

. could have resulted are found. For example. suppose that an
experiment is conducted in which there are two treatments (X
and Y) and two experimental outcomes or observations bper
treatment Gila=1, id=z=4, y1=2, v=2=3).

/==1 The obzerved data are

permuted across each treatment as given in Table 1.

TABLE 1

TWQ SAMFLE EXAMFLE DATA PERMUTATIONS

Permutation Sample X Sample Y
1 1 4 2 3
2 1 2 4 T
z 1z 4 2
4 4 2 ) S
= 4 = 1 2
6 2 = 1 4

These permutations represent all possible wavs 1n
which the data could have been observed. Note that the
observed statistic is the first permutation. In general,
the number of permutations (actually combinations) recuired
bv this method is given by:

ni+nl) @
ni'tnl! (Ean. 1)

. n\' /\J-'I_.(sf‘f

X 'ir'h"-'."’\""." o



A previous zample 1llustrated +he czomput

M
it

consequences of Eagqn. 1 for randomization tests when ni1  anc
n2 are even moderatelwv large.

2. Selecting an Appropriate Test Statistic

Unlita manv other comparable significance test

m

several approoriate test statistics are available for
randomization tests of the two sample comparison of means.
Furthermore. far a given hvbothesis test., certain test
statistics are referred to as ecQuivalent test statistrcr
because the. are functions of one another (Ref. I:o. 447,
For a one-—-tailed hvpothesis test of the two sample
comparison of means. e:amples of eguivalent test statistics
are (a) the sum of the observations of the treatment with
the suspected larger mean. (b)) the arithmetic difference 1n
the means. and (c) the %t statistic. Use of each of these
eguivalent test statistics results i1n the same randomication
test. For 2xample. Table 2 i3 an extension of Table 1 ard
lists each of the eguivalent test statistics for each of the
data permutations from “he previous example. For thece %test
statistics. an ordering of the values corresponds to an
identical ordering of each of the other *est =ztatistics.
Thus, any comparisons made between the observed test
statistic to the test statistics obtained from the permutad
data would result 1in the same si1gnificance ~alue.
Therefore, for *he ocne-tailed h,pothesis test given 1n %12
e:ample, each of these test statistics would be conszide-ed

appropriate.

e
-
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TARLE 2 g
TWO SAMFLE EXAMFLE DATA TEST STATISTICS g
n::
5
o8
Fermutation Sample ¥ Sample Y b Y= t ::3
Wik LN
WSO
1 1 4 2 = s 0.0 0.0 B
2 1 2 4 = I —-2.0 ~2. SN
3 1 = 4 =z 4 -1.0 -0.” Ry
4 4 2 b S & 1.0 0.7 '
5 4 = 1 2 = 2.0 Z. 2
& 2 T 1 4 S Q.0 0.0 &Q&g
s
N
For the two-tailed hvpothesis test. equivalent +test ﬂyz
s
n"‘.‘-
statistics are (a) the absolute value of the arithmetic P‘f.y
Wt
difference in means. and (b) the absolute value of the « bt
»
L
test statistic (Ref. IT:pp. 47-4347. KOG
\-"-:\
. . ‘e e,
Al though equivalent test statistics will provide the (‘3.
same significance level, computational savings can be made b
- ~
.’J
by using the statistic which requires the least amount of _2§ﬁ
1]
L4
v
calculations. In the case of the one-tailed test, use of o
AR
the sum of the observations of the ¢treatment with the S,
e
suspected larger mean requires minimal calculations. For Uy
LAY
" n?
AN
the two-tailed test. the absolute value of the arithtmetic &;’
difference in means could be used. vy
: o Comp V35
Z. Method of Comparizon v oe
NN
o,
Using the test statistics given above. for a ﬁbf
A
one-tailed alternate hypothesis which states that the mean A
of zample X is greater than the mean of sample Y. *%he }iﬁf
significance level is obtained bv numerically determining ;&E;
a%
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the propor*tion of test statistics 2obtained from the permuted

data which are greater *than aor e=2gqual to +the oSbzer-.zcg

statistic?t, Likewise. when the alternate h.pothesis =ztat

that the mean of sample Y 15 lescs thar the mean of samp
ther *he significance level 13 the praoportion  of
statistics less *han the observed statistic. For

two-tailed eaquivalent +est stat:stics 3i1.en abov e,

“+

1]

1gnificance le.el zan be determined 4rom the proportio

statistics greater *han 2r =2gual *c *te obser.ed sztat:

i

The following 1llustrates thisz method of zompar
Given “he oermutations of the zZa*a i1n Table | and *“he
statistizs 1n Table I, suppose further tha%t 1% 1z dezi1r
conduct a cne-tailled h.pothesis *a2st. Let tre
hvoothesis state that *he mean cf sample Y 1s less tha
equal to the mean 2f sample Y and the al%ernate hypcot
state that the mean of sample ¥ 1s greater than the mea
sample V. For *hese ",potheses. the compariszon ise
determining the randomizat:ion test signif:cance level 1
procor%tion of the test statistics ~2btained from
permutations of the data (i1ncluding *the observed da+ta)

are greater than or ecual to ¢he observed *est tat:

1]

b

= gi1ven 1n Table . this orzopor%ticn 18 4 = for eac-h of

In an =2-ample gi1ven 5. FEcor. Hunter, and Hunter
S:op, P4-951, the si1gnificance level was i1ncorrectl s
inacver+tentl ' repor*ted as the oropor*tior
statisticse sreate~ thar the chserved statistic
the more correct statement [«sater thar -= =s5us) ¢
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test statistics. Therefore. +he resulting randomization

test significance level iz 4/46 or approximatelv .67.

C. SIMULATION AND AMNALYSIS OF RESULTS

To compare the robustness and power of the two samole
comparison of means randomization test against alternative
teste, Monte Carlo simulation was used. The simulation
consisted of aqenerating random samples under selected
zonditions and determining each test’s significance level
based on the generatead szamples. For each conditien, S0
iterations were used in developing averages and variances
of the significance levels. Conditions under which =zamples
viere generated i1ncluded changes in (a) sample sizes., and (b)
sampled distributions. Significance levels were determined
based on the hypotheses Ho: the mean of treatment 1 is less
than or egual to the mean of treatment 2, and Hi: the mean
of treatment 1 1s greater thanm the mean of treatment 2. The
alternative tests incorporated in the simulation included
the parametric t test [Ref. S:pp. 25-9461, the nonparametric
Mann-Whitnev test [Ref. Z:pp. 215-2271, and the appro:rimate
randomization test. For the appros:imate randomization test,
sampling with replacement was accomplished. In addition to
the robustness and power of the randomization test,
simulation was used in examining the performance of the
appro::imate randomization test over chanmges in the sample
size of the approximate randomization distribution.

CSoecific conditions under which each portion of the

G SO I AL O o
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simulation was performed together with an anal.sis 2f ¢ne
simul ation results fallow.

!. €hangee in Sample S::e

=2

To compare the oter+ormance o€ eacn =f tre

(1)
Ve
‘0

n:fizarce tests for changes 1n sample si-es, the sample

(1]

2]

122s. N1 ana nz, were ‘raried 2ver ‘Ni,N=z) = LD T 20

(Tolve (TO2Y, 0 0 0 0 (T8, (7.5, (T EY, (7.7 For each
Case. 2ach sample was <foarmed from 1ndi-idualley Jenerated
N(D. 1) random deviates., For the appro:imate randemi-ation

test., tha ample s1

2 9of the approrimate -~andomization

[ X]

distribution was held constant at 1000, The averages and
variances 2f “he recsulting =zignificance levels appear 1n
Acpend:: A. An analvsis of the s1gnifizance levels ottained
On each :i%teration af *he simulation as  well 28 “te abc.e
mentiored averages and var:i:ances follows.

Since the above zases were performed for a true noill
hvbothesics., we e'pected the distribution of the signifi1cance
levels ¢+ be zconsistent with Unifarmly distributed Isata.,
That :s. :4 -andom samples were generated under a *rue null

hyeattesis., “hen sign:ficance le.els Zalzulated <r=m <+rese

samples should exhibit a U, 1 distribu*t:ional form. As

shown 1n Figure {, *he averages »nd “ar:ances ob*ainec ¢or

each case were cansistent with this eroectatior, E-rcert:ons
occurrea for the e:tremel =mall sample sizes 3s might =e

anticinated, Imn thisz 41gure as well as 1rn later <i13ures,

. 45 Il

. <

"R® rapresents *he sigznifi1z-ance levels obtained <rom <«-e
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Figure 2. Twc Sample Hiztograms

levels obtained for each of *he *two sample
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means teste for the case (ni,nz2) = (7,7)

‘or

N(o 12

Samples

comparison

and N(Q. 1)

samples. For the hypothesis that these significance

are indicative of U(0,1) distributions,

of

random

levels

telmogorov-Emirnov

uniform goodness of fit test significance levels are

in Table 2. The values 1n

disagreement with e:pected results,.
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TABLE = :
TWO SAMPLE UNIFOFM GOODNEES OF FIT TEETS

Folmogorov—-S8Smirnov

Test Significance
randomization 0.984
t test Q.86
Mann-Whitney Q.70
approimate randomization 0,86

In addition to their owverall distributicnal form.
the significance levels were compared on an
iteration-bv-iteration basis. The purpose of thiz wazs ¢to
compare the marginal performance of each test, that 1z, +to
compare the performance of =ach test for each set of
samples. Figure T shows the significance levels obtained
over S50 iterations for the case (nai,nz) = (7.7 and MO,
random samples and is typical of the others e:amined. The
significarnce of this plot is the proximity of each of *he
significance levels. Only the nonparametric test appears to
vary marginally from the other tests and this was found ¢to

be true in all runs.

2. Changes in Sampled Distributions

To compare each tests® performance under changes of
sampled distributions. the sampled distributions and the
distribution parameters were varied for the sample <=si1zes

(Ni,Nnz) = (7,5, (7.8), (7.7). Continuous distributions

from which <samples were generated 1ncluded the normal,
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g

Figure . Twec Sample Sigmficance Levels b lteration

exponential. uniform., gamma. weibull. beta, and chi-sguare

distributions. Discrete disztributions 1ncluded poi1sson,

REPRODUCED AT GOVERNMFNT FXFFMSE

bimnomial. and geometric distributions. Once again the
sample si-e of the appro:imate randomization distribution
was held constant at 1000, The averages and variances of
the significance levels obtained from this series of runs
appear 1n Appendi: K.

Figure 4 shows *he average significance levels

obtained for the three sample sizes under changes 11n the .-
mean and variance of random deviates <from a normal :$
._]
by
distribution when Ho was true. Again trere 18 little ;:
‘',

gsignificant difference 1n the average significance levels.
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Consequently, 1t is difficult +to distinguish $rom these

plots ‘as in many of the oplots *o follow) the different
alues obtained for each test. Similar plots were obtained
for all the continuous distributions wamined, Figure =
shows these pnlotz for the cases (nai,nz2) = (7,.7), Meocte again
the variation from the other significance levels 1in the
averages and variances obtained by the Mann-Whitnew test,
Figure S also shows little significant difference in the
averages and variances obtained from the randomication test.
t test. and appro:imate randomization test. Furthermore,
although this series of runs included zases for f‘ni,nz) =
(7.2, (7,86 and (7.7, plots for (7. ) and (7.5) were
nearl: identical to those obtained for “7.7) and zZzontailned
ro additional i1nformat:on. Therefore. the. are not shown.

To e:tamime significance levels obtained wunder a
t+alse null h,pothesis. a series of rune was conducted 1n
which the distribution from which sample | was obtained was
varied while the distribution from which sample 2 was formed
was held constant. This erxamination 1ncluded —ases ‘or <re
three sample si1zes noted above given ranmdom samples from the
above distributions.

Figure 6 shows *he si1gnificancs l=2vels abtaireg f-r

the three sample si1-es when the *wo samcles were generated

from normal distributions. In these cacses. the means arg
Jarirances of sample 1"s distribution were varied while
sample 2 zonsisted of M, Y randcom devi ates. Indicati.e -+
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power. Fligure & demonstrates little difterence 1n each
test®s ability +o0 detect a false null hvpothesis. Figqure
& also illustrates that the tests are uneffected by changes
in variance and further 1illustrates +the nearly identical
abilityv of each test fto detect a true null hypothesis,

Additionally, Figure & demonstrates that under

(X}

hanges :n
distributions, the averages and variances of the
significance levels were not significantly different for
egual or unequal sample sz1:-es.

Aside from normal deviates, the significarnce levels
obtained for samples from the other continuous distributions
are shown 1n Figure 7. The plots s=hown are +for +*he cases

(Ni,nz) = (7,7

and are nearly i1dentical to those c<btained
{or the other two sample sizes. The sample distribution of
sample 2 was held +firved as Uniformi{,1)., Gamma(l.1?,
Weibull(1,1), Beta(l.1:, and Chi-sguare(l) for each of *he
respective distributional changes. Furthermore. Figure
shows only changes in the location parameter of the gamma,
welibull. and beta distributions. Charmges 1n the shape
parameters of these distribut:ions resulted in plotsz similar
to those obtained when the variance of the ncrmal
distribution was varied and are noct shown.

Figure 7 further demonstrates the robustness 3nd
power of the randomization test compared to the other tests
and shows that for nearly all cases. the results are =zlnost

1dentical. However. as also shown 1n  Figure . the
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Mann-Whitnev test doesz not apoear to be as robust ror as

powerful as the other *tests. This 13 indicated by *re
consistently smaller valuesz when Hoe waz *“rue zanc  *ha
consistently larger values when Ho was false. Al sc. ar
interesting ohenomerion occurred when the sampl ed
distribution was of the weibull form. In %his =zase. as
opposed to the other cases examined, the Mann-Whitne. test
differed consideralbly from the other tests, Furttermore.

the randomization, t. and approiimate randomitation tests
were inefficient in icdentifying both a true rnull hyvpothesiz
for zmall location parameters and a falszse null hypothesis
for larger parameters=. No e:plamation zould be $found J$or
this.

For the discrete distributicne. larger differ=nces
1n average significanze levels were observed. Figure B8
displays the average salues obtained for samples from
binomial distributione 4or the zZases (Nni.nz) = (7.7 Tre
f{1gure shows the cases where the diszstribution parameters
were aried concurrently for both zamples ‘top and bottom

left) and also when sample 1° distribution was sar1 ed

while sample = was held +ired at Binmcomial (50,.%) (tog

and bottam raight). A= shown, the Mann-Whitne, *est

-+,

significance levels continue to vary, fr

t3

m the other tasts
s1ani1ficance levels.
For the cases (ni,nz) = (7,7V, Figure 9 szhows Yhe

average si1anificance levels obtained when samples were
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- Changees :1n approacimate Fandomization Templas Sr-e

In the third seriezs of run=, :¢ waz o0esirez to

zzamine the performance o+ the approrimate randgomication
tecst with changes 1n the samcle csi1c-e of the appreo:i1mate
randomication Zi1stribution, Therefore. the *hird zeriec of

runs involved changes 1r the sice, B . of the aporo:imate

ramgomizati1on distribution over *he values 200, T00, . . . .
1900, 2000, These changes i1n f were performed +for the
sample si1zes '‘Ni.nz=) = (7,7, e, T, Q.7 ccmposea  of

N(C.1Y random dewviates, The three different csamplie ci1:e%
were cnhnosen =0 that the sice o¢f the reserence diztribution
wag larger than the aporonimate randomization samcle z:ize,
The averages and variances of “he signif:zance levels

obtained from these rune appear 1n Append:i: C.

Figure (O czontains pleots 2f *he averages and
varsances of the significance levels cbhtained 1n the
simul ation for “he *hree sampnle si1z-es. Fioure 1O zhows

there ig not much differenze between +he averages and

variances of the significant levels for *he selected zhanges

ain B.
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IV, QME-WAY AMNALYSIS OF “ARIAMCE

A. DISCUSSION

The ourpcse of this chapter 13 %to detail specific

9
Ul

randomization test oprocedures applicable teo the one-way
analvsis of variance. In conjunction with this, alternati-.e
tests are identified. Additionally, thiz chapter includes
the specific simulation methodology wused in examining
significance levels obtained from each of these tests under
specific test conditions. Included in the discussions of

the methodology are analvses of the simulatiaon results.

B. CSFECIFIC RANDOMIZATIOM TEST FROCEDURES .
The crocedural requirements applicable to randomization

testz for *he one—-way analysis of variance are 1dentical to

thaose cf the two sample comparison of means. Each of these

specific recuirements 1is detailed below followed b an

e:ramnple.

1. Fermuting ¢he Data

In perfprming randomization tests for *the one-wan
analvsis of variance., the observed data are permuted across
each treatment as i1n the two sample comparison of means
However. 1n general, the number cf reaquired permutations (or

combinations) is given bDY:

(Natnz+,,.+NkK) ' = o'
Na'na',, .nw! Ni'tp=a!',,.Nnw' (Eqan. 0
J',.
-l'_.‘
- X
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In terms of randomization *test computatiorz., Sgn. -
shows that the number of reqguired calculations can be quite

large. For example, fcor two sample sizces of sizce £ each,.

the number of permutations given by Egn. 1 and 2 18 252,
For +*hree =zamples of size s each. Ean. 2 2ives
(S+E+EY ' /BISIST = 756,736 permutations and for four samoles

of zize 5 each. the number of permutations given bv Ean.

1z  approsimately 1.17w10r0, Therefore, for even 3zmall
sample sizes, the computational consequences of u=zing
randomization tests for +the aralvsis of variance are

discouwraging.

i CSelaecting an Appropriate Test Ztatistic

In the one-way analvsis of variance for testing Heo:
the means of the treatments are equal., against Hi: at least
two of the means are not equal, an appropriate test
statistic i3 the F statistic. However. for the randomizaticn
test, an eguivalent statistic whiczh vields the same
randomization *est significance level is the value Z‘T1%/ny)
[Fef. ZT:pp. &2-4T1. Here. T:1 is the sum of the observatizns
1n treatment i and na is the number of observations 1n
treatment i.

3. Method of Comparizcn

As given by the hypotheses for the analwvsis of
variancze, the significance level for these randomization
tests 13 the propor+tion of test statistics derived from *the
cermuted data which are greater than or equal to the

obser.ed statistic.
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4., (One—-Way Analvsis 2f Yariance E:ample

The following example illustrates eauivalernt test
statistics and the method of comparison for randomization
tests 2f the one-way aralysis of variance. To begin,
consider the enxample given 1in the previous chabter detailing
twoc zample comparizon of means randomization tests. [}
t,oi1cal analysis of variance table for the data qiven a1n
that esxample 13 shown in Table 4. The permutations 24 “he

data and the two eqguivalent test statistics for each

permutation ar=2 given in Table S.

TABLE 4

EXAMFLE DATA ANOYVA TAEBELE

Sourze of Sum of Degrees of Mean F
Yariation Squarz2s Freedom Zguare
EBetween 0.0 1 0.0 0.0

Treatments

Within .0 2 2.5
Treatments
Total about %*he .0 T

Grand Average

As given 1n Table €. the *est statistic <cbtained
‘rrom the observed e:perimental data 13 .0, Mote that Table
S5 also shows that for each *est statistic. the proportion of

the statistics obtaimned +rom the permutations of tre data

(ad

which are qreater *than cr =2qual to ¢*he obser.ed *ecst

‘. Therefore, the resulting randomization

o

statistic 13

44
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TABLE S

ANDYVA EXAMFLE DATA TEST STATISTICE

Fermutation Sample ¥ Sample VY F E(TaZ'ns)
1 1 4 -z DL 25.0
2 4 = 2.0 Zoe.n
z 1z 4 2 0.3 26.0
4 4 =2 1z D% 2600
b 4 7 1 2 8.0 29.0
b6 2z 1 4 .0 2.0
test significance level 1s &7& or 1.0, Thizs 15 the =zame

value which would have resulted 1§ a two-tailed h.pothesis
would have been used in the two sample comparison of means.
This 1s not surorising since the square of 3 ¢ distributed

random vari1able is F distributed.

C. SIMULATION AND AMALYESIS OF FESULTS

ARz 1n the two sample comparison of means. Monte Carlo
simul ation was used to compare the robustness and power of
the randomization test against alternative tests. In this
case. 3lternative tests included the parametric F test ([(Fef.

Lo

S:pp. 187-1971, the nonparametric trushal-Wallis test (Ref,.
2:pp. I12°9-2T771. and the approiimate randomization ‘test.
Also as 1n the two sample comparison of means, zondi1ti1ons
were selected for changes i1n ‘a) sample si:zes. b)) sampled
distributions, and (‘c) the sample size of the appro:imate
randomization distribution. Additionall v, *he simulaticn

incorcorated sampling with replacement 1n developing the

appro:imate randomication distribution,

o
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1. Charges :1n Sampie T:zes
To compare *the effa2cts »f zhanjes :n zample =z:-es=.
the zimulati10m was zconduztec “or N({,1' ramdomr szampies over
(Nasnzins) = (2,2,2), (T.7.70.  4,3,3 . 3,3, , 3,3,
4,2.7), and 4.,7,2v, Trne averagez and .ari1ances of the
s1gnificance levels abtained for gach test are given :1n
Append:: D. Figure 11 1t 2 plot af these values. AZain., No
{E‘ signiticant differences between +test results could be
'S
'Y
v determined.
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Figure 12 shows histograms for the cases Mi,Nz=, N3
= (4,4,4) when the null hypothesie was true and the =zampled
distribtutions were M, 1. Table ) shTws *the

F.elmogoro=-Smirnov uniform goodness of f1t test szi1gni<icance

(T

levels. As anticipatec. no 1sacreement with ennected

w

results was found.

i

NS
f..

1 1 1 [l
o 1 1 1 L 1 1 1 1 1 1 1 1 1 L

0 0.2 0.4 0.6 0.8 1.0 0.2 0.4 0.6 08 1.0
RANDOMIZATION TEST SIGNIFICANCE LEVEL F TEST SIGNIFICANCE LEVEL

.
Y %

RELATIVE FREQUENCY
4 8 12
RELATIVE FREQUENCY
o . 4 8 12
O P ——————
(o LU Y
A

‘\‘.’,

¢ v

’

o~ e ]
L d .*
(=4 AN,
j 23
.ﬁ
S g
: g 26
[ ] < -,
E b :\;
\ -
P
Ev E - :J'
a @ NS
N
g
o ¥ i 1 2 2 y 4 1 ° 1 1 1 ' 1 4 4 2 ':-" Al
0 0.2 o4 08 os 1.0 ) 02 04 08 08 1.0 N

e g
. o

»
70t

KRUSKAL—WALLAS SIGNIFICANCE LEVEL APPROX. RANDOMIZATION TEST SIGNIFICANCE LEVEL

%

Figure 12. ANOYA Histograms for N(0O,1) Samples

A plot of the significance values obtained for

o BP0
sl ey rarr

samples from N(0O,1) distributions for the case (Na,nz2,n3 =
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-, Changes in Sampled Distribu*tinons

To eramine each tecsts’ performance under changes

U
-+

sampled distributions., the sampled distributions and the
distribution parameters were varied for sample sices
(Pa,nz,n3) = (2,2.2), (2.2.0), (4. 7., (4,27, and
t4,4,4), Distributionz i1ncluded the normal, enponential,
uniform, g9amma. and weibull distributions. The sample si1:-e

fcr +he appravimate randomization distribution was ficed at

1000, The results of these runs appear 1n Appendi:: E.

Flots of the average significance levels for
Pi,nz,n=) = (4,4,4), 'T.7.7). and (2,2.,2) and cocncurrent
changes 1n normal distributions are shown in Figure 14, As
in the two zample case., greater variability between test

results 1

tH

evident for the smaller sample sizes. Otherwise,
no si1gnificant differences can bhe determined.

Figure 12 shows the average significance levels
obtained for each test for NiyNz=,Nnx) = (4.4, 3 anrnd
concurrent changes in the parameters of the continuous
distributions - esponential. uniform., gamma, and weibull.
For even the small sample sizes examined., the average
significance values are 1n close agreement.

For each of the selected distributions, the
par ameters affecting the sampling distribution of sample 1
were varied while the parameters effecting sample 2 were
held $1:ed. For normal distributions. Figure & shows the

resulting average significance levels for changes 1n  the

40
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REPRODUCED AT GOVERNMFNI F XPFHSE

(Na.nz,ns) = (4,4,43), As previously. “he ~cnparametr:c “ecst

average si1aQn:ficance levels are consisztentl. different.
Furthermore. all the %test=z are 1neffizient :n determin:ng

the

w

1ani1fi1zance level:z when the samplec distributiones 1= of

a weibull form.

T Changees :n Approrimate Randomi-atior Sample Size

Te examine +the performance of the apgro1mate
rangomization %test for changes 1in ﬁ. the sample =zize. ﬂ. of
the apcrovimste rangomizat:ion distribution was varied cver
the set 200, T00, . . . , 1P00, 2000 with zhanges 1r sample

31ze over (Ni.,nz.n=) = (2,2.2), T.7.7). 4,4,

e, 2) S ese . ‘4,34,
f4,4,2), (4,2, 7)., and (4,7.,2), The averages and ‘variances
of the zi13nifizance lavels for cach t2¢t appear :1n  Append:t::
F., Fiqure 18 czontains plot: of these values for +*the cases
of equal sample zizes. Flots 2f the average - alues for +he
uneagual samole sizes appear i1nm Figure 1%, As snown 1n these
two figures, the differences 1n average signifizance levels
obtained for both e:act randomication test and the

appro:imate randomization test are nearlv indistinauisable

over the changegs 1n B.
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V. SUMMARY

A. CONCLUSIONS
For +the two zample comparison of means and one-wav
analysis of variance, specific randomization test procedures

have been detailed. For these two tests. results of Monte

Carlo simulation indicate that over changes in sample si1ces

and sample distributions: 1) randomization tests are as ;i'
0y
Y
robust as t and F teste. and (2) randomization tests are as ?Q
powerful as t and F tests. Furthermore. under the e
~onditions examined, randomization tests were found +to be o
- t‘-'.
more robust and oowerful than other comparable nonparametric g
b,
>
. ‘o, )
tests. An interesting result of +the simulation was that £
A ———
although the average significance levels may be nearly )
o
identical. the iteration-bv-iteration siagnificance levels of A
.._';
the nonparametric tests tended to vary consistently from the S
other tests. This may indicate that use of these BAR
R
nonparametric tests could result in markedly differant ey
decisions on a test by test basis. Lastly. results of the o
simul ation indicate that appro:imate randomization tests are uﬂj
A
good approximations to the more e:xact randomization tests ol
IS
over changes in sample sizes and digtributions., as well as . p
changes in the sample szize of the appro:imate randomization ~
s.:‘:
. . LR 4
distribution. i;-
o~
1)
)
e
‘\:‘\
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It 12 clear from these findings that randomization tests

and approximate randomization tests have better performance
than other nonparametric tests 1n the <conte:ts e:amined.
Furthermore. the robustness and power 2f the approximate
randomization tests, * tests, and F tests clearly marlk them
as excellent alternatives to randomization tests when

randomizcation tests may be impractical.

B. AFREAE FOF FURTHER FESEARCH

There are many practical anplications where
randomization tests may be the only truly valid tests. and
vet, thiz thesiz has shown that parametric a'ternatives can
offer good approximations. Cont nued research should be
accomplished 1n experimental design and data analvsis
situations not examined in this thesis. Some of these areas
vwere given in the introduction. Furthermore, based on the
apparent ability of appro:imate randomization tests *o
approiimate randomization tests. the practical apolicability
of approximate randomization tests should be examined 1n

other statistical conte:ts.
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APPENDIX A
{ TWO SAMPLE CHANGES IN SAMPLE SIZES

{ NUMBER OF ITERATIONS: 50
SAMPLE OISTRIBUTIONS: N(O,1)
APPROXIMATE RANDOMIZATION SAMPLE SIZE: 1000 NS4
o\
SAMPLE
SIZES AVERAGES VARIANCES sj\. :
CASE1 2 R T M A R T M A \'.:j
™ Y
1 2 1 0.5933 0.4356 0.3820 0.593¢ 0.0648 0.0688 0.0252 0.0647 "'
2 2 0.5667 0.4797 0.4417 0.5640 0.0782 0.0791 0.0495 0.0776
3 3 1 0.5850 0.4787 0.4602 0.5354 0.0781 0.0852 0.0397 0.0778 har
“ 2 0.5640 0.4867 0.4563 0.5375 0.0731 0.0795 0.0488 0.0773 N
5 3 0.5280 0.5017 0.5168 0.5206 0.0709 0.0719 0.0476 0.0709 . ;-
"
6 & 1 0.6560 0.5661 0.5216 0.6033 0.0915 0.0878 0.0625 0.0986 ~ang
7 2 0.5800 0.5518 0.5160 0.5662 0.0888 0.0842 0.0684 0.0869 ',.‘
8 3 0.4840 0.4729 0.4727 0.4784 0.0915 0.0931 0.0729 0.0920 S
9 4 0.5306 0.526¢ 0.5165 0.5295 0.0775 0.0784 0.0598 0.0782 _—
RN
10 5 1 0.5200 0.4461 0.4602 0.4770 0.0756 0.0875 0.0530 0.0731 ',’
11 2 0.5333 0.5166 0.5114 0.5196 0.0937 0.0976¢ 0.0717 0.0953
12 3 0.5146 0.5091 0.5014 0.5100 0.1023 0.1004 0.0860 0.1016
13 4 0.5279 0.5215 0.5286 0.5291 0.1073 0.1086 0.0845 0.1057
14 5 0.4975 0.49498 0.4979 0.4950 0.0729 0.072% 0.0677 0.0739 e
15 6 1 0.5343 0.4624 0.4562 0.4991 0.0790 0.0768 0.0579 0.0840
16 2 0.456% 0.4386 0.4982 0.4457 0.0823 0.0809 0.0626 0.0830
17 3 0.4771 0.4735 0.4606 0.4771 0.0811 0.0813 0.0763 0.0809
18 4 0.5530 0.5481 0.5504 0.5509 0.0883 0.087¢ 0.0762 0.0881
19 5 0.4869 0.4840 0.4932 0.4892 0.0952 0.0958 0.0818 0.0956
20 6 0.553¢ 0.5522 0.5339 0.5503 ©0.0868 0.0871 0.0775 0.0865
21 7 1 0.6875 0.6207 0.6110 0.6570 0.061% 0.059 0.046G¢ 0.0663
22 2 0.4178 0.4040 0.3932 0.4086 0.0857 0.0853 0.0701 0.0849
23 3 0.5283 0.5201 0.5478 0.5237 0.0705 0.0697 0.0549 0.0698
24 4 0.5546 0.5542 0.5424 0.5541 0.0897 0.0893 0.0745 0.0891
25 5 0.4710 0.4707 0.4465 0.4707 0.0833 0.0839 0.0720 0.0831
26 6 0.4371 0.4361 0.432¢ 0.4382 0.0889 0.0890 0.0805 0.087%
27 7 0.5079 0.5076 0.5001 0.5108 0.0852 0.0849 0.0816 0.0848
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NCANC -"?v

APPENDIX B
TWO SAMPLE DISTRIBUTIONAL CHANGES

NUMBER OF ITERATIONS: 50
APPROXIMATE RANDOMIZATION SAMPLE SIZE: 1000

SAMPLE SAMPLED

SIZES OISTRIBUTIONS AVERAGES YARIANCES
CASE 1 2 1 2 R T M A R T M )
28 7 5 N(-10,1) Ni1-10,1) 0.5010 0.5019 0.4883 0.5017 0.0750 0.0756 0.0687 0.0757
29 (-5,1) (-5,1) 0.4433 0.4423 0.4618 0.4432 0.0909 0.0903 0.0883 0.0906
30 (-2,1) (-2,1) 0.4592 0.4583 0.4793 0.4578 0.0980 0.0981 0.0908 0.0986
31 (-1,1) (=-1,1} 0.5204¢ 0.5188 0.5146 0.5205 0.0736 0.0748 0.0579 0.0754
32 (-.5,1) (-.5,1) 0.4433 0.4434 0.4347 0.44961 0.0892 0.0886 0.0818 0.0909
33 (-.2,1) (-.2,1) 0.5450 0.5467 0.5338 0.5469 0.0782 0.0776 0.0690 0.0773
34 (=.1,1) (=.1,1) 0.5515 0.5513 0.56464 0.5501 0.0819 0.0814 0.0734 0.0819
35 (0,1) (0,1) 0.5577 0.5564 0.5517 0.5576 0.0872 0.0860 0.0779 0.0887
36 (.1,1} .1,1) 0.5631 0.5621 0.5323 0.5626 0.0799 0.0785 0.0792 0.0798
37 (.2,1} .2,1) 0.4884 0.4878 0.4968 0.4918 0.0820 0.0815 0.0667 0.0818
38 .5,1) (.5,1) 0.4862 0.4867 0.4804 0.4858 0.0763 0.0765 0.0719 0.0766
39 (1,1) (1,1) 0.4619 0.4612 0.4548 0.4631 0.0717 0.0720 0.0565 0.0716
40 (2,1) (2,1) 0.5481 0.5485 0.5424 0.5480 0.1007 0.1011 0.0800 0.1004¢
(3 (5,1) (5,1} 0.50645 0.5033 0.5246 0.5026 0.0771 0.0773 0.0660 0.0788
%2 (10,1) (10,1) 0.4772 0.4748 0.4743 0.4804 0.0899 0.0895 0.0855 0.0910
43 (0,.1) (0,.1) 0.4906 0.4889 0.4580 0.4901 0.0853 0.0859 0.0720 0.0838
4% 10,.2) (0,.2) 0.4355 0.4350 0.4084 0.4366 0.0747 0.0742 0.0613 0.0754
45 (0,.5) (0,.5) 0.4454 0.4459 0.4431 0.4471 0.0807 0.0807 0.0663 0.0802
@6 (0,1) to,1) 0.5787 0.5802 0.5612 0.5796 0.0652 0.0653 0.0585 0.0652
47 (0,2) (0,2) 0.5000 0.5008 0.4760 0.5031 0.0716 0.0717 0.0638 0.0709
%8 (0,5) (0,5) 0.5302 0.529% 0.5413 0.529¢ 0.0898 0.0891 0.0784 0.0902
49 (0,10) 10,10) 0.5017 0.5008 0.5006 0.5015 0.0786 0.0769 0.0767 0.0804
50 7 6 (-10,1) (-10,1) 0.4907 0.4902 0.4861 0.4919 0.0820 0.0814 0.0742 0.0815
51 (-5,1) (-5,1) 0.4781 0.4776 0.4833 0.479% 0.0993 0.0985 0.0932 0.1011
52 (-2,11 (-2,1) 0.5408 0.5399 0.5413 0.5386 0.0803 0.0802 0.0804 0.0804
53 (-1,1) (-1,1) 0.4994 0.5022 0.4832 0.4978 0.0547 0.0552 0.0527 0.0542
54 (-.5,1) (-.5,1) 0.5189 0.5194¢ 0.5293 0.5182 0.0592 0.0595 0.0604 0.0585
55 (=-.2,1) (-.2,1) 0.4696 0.4696 0.4595 0.4705 0.0731 0.0735 0.0563 0.0739
56 {=.151) (-.1,1) 0.4548 0.4540 0.4503 0.4523 0.1055 0.1050 0.1011 0.1051
57 (0,1) (0,1)) 0.5487 0.5480 0.5500 0.5491 0.0685 0.0686 0.0650 0.0692
58 (.151) .1, 0.4913 0.4905 0.471S 0.4885 0.0919 0.0921 0.0874 0.0919
59 .2,1) (.2,1) 0.4727 0.4726 0.4708 0.4741 0.0842 0.0846 0.0763 0.0846
60 (.5,1) (.5,1) 0.4859 0.4861 0.4770 0.4869 0.0870 0.0865 0.0849 0.0858
61 (1,1) (1,1) 0.4879 0.4876 0.4632 0.4898 0.0933 0.0932 0.0830 0.0943
62 (2,1) (2,1} 0.5247 0.5251 0.5215 0.5267 0.0742 0.0740 0.0677 0.0739
03 (5,1) (5,1) 0.4675 0.4657 0.4771 0.4672 0.0710 0.0713 0.0563 0.0707
6% (10,1) (10,1) 0.5073 0.5062 0.4850 0.5093 0.0896 0.0899 0.0830 0.0900
65 (0,.1) (0,.1) 0.5133 0.5144 0.507¢ 0.5140 0.1063 0.1054 0.0937 0.1070
66 (0,.2) (0,.2? 0.4652 0.4654 0.4703 0.4659 0.0965 0.0959 0.0885 0.0967
67 (0,.5) 10,.5) 0.5277 0.5268 0.5248 0.5282 0.0829 0.0832 0.0835 0.0831
68 (0,1} (0,1) 0.5029 0.5023 0.4907 0.5044 0.0855 0.0854 0.0782 0.0845
69 (0,2) 10,2) 0.5078 0.5063 0.4891 0.5078 0.0927 0.0931 0.0857 0.0916
70 10,5) 10,5) 0.5377 0.5377 0.5313 0.5401 0.0775 0.0778 0.0679 0.0773
71 (0,10) (0,10) 0.5051 0.5055 0.5017 0.5043 0.0768 0.0767 0.0760 0.0769
72 7 7 (-10,1) {-10,1) 0.4360 0.4362 0.9429 0.4386 0.0785 0.0784 0.0700 0.0788
73 (-5,1) (-5,1) 0.5051 0.5036 0.5105 0.5084 0.0937 0.0939 0.0831 0.0935
74 (-2,1) (-2,1) 0.4601 0.4601 0.4608 0.4608 0.0843 0.0844 0.0785 0.0837
75 (-1,1) (-1,1) 0.4856 0.486% 0.4878 0.4887 0.0781 0.0787 0.0688 0.0766
76 (-.5,1) (-.5,1) 0.57%6 0.5787 0.5797 0.5793 0.0992 0.0936 0.0891 0.0926
77 (-.2,1) (=.2,1) 0.4670 0.49663 0.4666 0.4650 0.0851 0.0848 0.0749 0.0853

60
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(-.1,1)
(0,1)
(.1,1)
(.2,1)
(.5,1)
(1,1)
(2,1)
(5,1)
(10,1)

(0,.1)
(0,.2)
(0,.5)
(0,1)
(0,2)
10,5)
(0,10)

(-10,1)
-5,1)
(-2,1)
(-1,1)
(-.5,1)
(0,1)
(.51
(1,1)
(2,1)
(5,1)
(10,1)

(0,.1)
(0,.2)
(0,.5)
(G,1)
10,2)
(0,5)
10,10)

(-10,1)
1-5,1}
(-2,1)
(~1,1)
(-.5,1)
(0,1)
(.551)
(1,1)
(2,1)
(5,1)
(19,1)

(0,.1)
(0,.2)
10,.5)
(0,1)
10,2)
(0,5}
(0,10)

(=10,1)
(-5,1)
(-2,1)
(-1,1}
(=-.5,1)
(0,1)
(.5,1)
(1,1)
(2,1)
(5,1}
(10,1)

(-.1,1)
(0,1)
(.1,1)
(.2,1)
(.5,1)
(1,1)
(2,1)
(5,1)
(10,1)
(0,.1)
(0,.2)
(0,.5)
(0,1)
(0,2)
(0,5)
(0,10)

10,1)

(0,1)

(0,1)

(0,1)

(0,1}

0.4606
0.4434
0.4843
0.4926
0.4549
0.4869
0.5580
0.4579
0.4560

0.5868
0.4552
0.5050
0.5010
0.4928
0.5648
0.5120

1.0000
1.0000
0.9700
0.9016
0.6675
0.5450
0.3218
0.1502
0.0195
G.0013
0.0013

0.4182
0.5503
0.5175
0.4772
0.4831
0.4161
0.469%

1.0000
1.0000
0.9939
0.9078
0.76419
0.4781
0.2781
0.0967
0.0073
0.0006
0.0006

0.5423
0.5161
0.4676
0.4859
0.5030
0.5214
0.4843

1.0000
1.0000
0.99%46
0.89%7
0.7597
0.5245
0.2147
0.0772
0.0089
0.0003
0.0003

0.4610
0.44364
0.4841
0.4924
0.4526
0.4869
0.5576
0.4585
0.4564%

0.5861
0.4534
0.5057
0.5020
0.4916
0.5645
0.5122

1.0000
1.0000
0.9710
0.9015
0.6677
0.5467
0.3192
0.1505
0.0185
0.0000
0.0000

0.4079
0.5498
0.5154
0.4748
0.4826
0.4191
0.4686

1.0000
1.0000
0.9939
0.9079
0.7412
0.4776
0.2778
0.0952
0.0071
0.0000
0.0000

0.5407
0.5172
0.4670
0.4861
0.5022
0.5221
0.4795

1.0000
1.0000
0.9949
0.8965
0.7588
0.5243
0.2165
0.0767
0.0085
0.0000
0.0000

6l

0.4604
0.4497
0.487s6
0.5006
0.4441
0.4887
0.5752
0.4561
0.4675

0.5763
0.4468
0.4817
0.5031
0.4917
0.5460
0.5046

0.9986
0.9936
0.9555
0.8821
0.6544%
0.5338
0.3562
0.1711
0.0295
0.0014
0.0014

0.3993
0.5508
0.5414
0.4743
0.4608
0.4280
0.4638

0.99%
0.999%
0.9887
0.8921
0.7232
0.4813
0.3171
0.1248
0.0092
0.0006
0.0006

0.5465
0.5139
0.4788
0.4770
0.469%
0.5373
0.4630

0.9997
0.9997
0.9920
0.8895
0.7485
0.4973
0.2202
0.0988
0.0135
0.0003
0.0003

0.4587
0.4407
0.4836
0.4945
0.4579
0.4870
0.5564
0.4563
0.4551

0.5859
0.4546
0.5034
0.5008
0.4956
0.566%
0.5130

0.9997
0.9998
0.9707
0.9023
0.6675
0.5467
0.3186
0.1520
0.0216
0.0020
0.0023

0.4171
0.5490
0.5167
0.4802
0.4820
0.4161
0.4720

0.9998
0.9999
0.9940
0.9064
0.7422
0.4793
0.2755
0.0974
0.0087
0.0014
0.0016

0.5412
0.5186
0.4677
0.4867
0.5062
0.5212
0.4858

0.9999
0.9999
0.9950
0.8977
0.7603
0.5250
0.2131
0.0801
0.0097
0.0012
0.0012

0.0982

0.0000
0.0000
0.0041
0.0137
0.0780
0.0782
0.0655
0.0273
0.0012
0.0000
0.0000

0.0839
06.1012
0.0793
0.0899
0.0705
0.0738
0.0708

0.0000
0.0000
0.0001
0.0261
0.0459
0.0993
0.0519
0.0125
0.0002
0.0000
0.0000

0.0697
0.1108
0.0853
0.0870
0.09%4%
0.0806
0.0696

0.0000
0.0000
0.0001
0.0236
0.0437
0.0789
0.0413
0.0148
0.0003
0.0000
0.0000

0.0895
0.0869
0.0934
0.0952
0.0721
0.1049
0.0611
0.0969
0.1046

0.0853
0.0955
0.0632
0.0895
0.0821
0.0850
0.0979

0.0000
0.0000
0.0040
0.0135
0.0730
0.0776
0.0645
0.0283
0.0014
0.0000
0.0000

0.0877
0.1079
0.0819
0.0895
0.0718
0.0761
0.0720

0.0000
0.0000
0.0001
0.0259
0.0460
0.0985
0.0523
0.0125
0.0002
0.0000
0.0000

0.0717
0.1145
0.0875
0.0865
0.0950
0.0821
0.0747

0.0000
0.0000
0.0001
0.0236
0.0439
0.0789
0.0421
0.0149
0.0003
0.0000
0.0000

0.0864
0.0707
0.0898
0.0920
0.0569
0.1009
0.0583
0.0860
0.0981

0.0750
0.0859
0.0564
0.0729
0.0757
0.0785
0.0926

0.0000
0.0000
0.0081
0.0173
0.0681
0.0690
0.0628
0.0341
0.0030
0.0000
0.0000

0.0886
0.0753
0.0723
0.0855
0.0744
0.0779
0.0633

0.0000
0.0000
0.0004
0.0265
0.0473
0.0932
0.0619
0.0184
0.0002
0.0000
0.0000

0.0816
0.1036
0.0804
0.0849
0.0907
0.0832
0.0624

0.0000
0.0000
0.0002
0.0230
0.0412
0.0726
0.0385
0.0221
0.0007
0.0000
0.0000

0.0888
0.0871
0.0936
0.0957
0.0722
0.1054
0.0620
0.0956
0.1038

0.0851
0.0956
0.0631
0.0900
0.081%
0.0853
0.0978

0.0000
0.0000
0.0040
0.0130
0.0801
0.0772
0.0656
0.0278
0.001%
0.0000
0.0000

0.0827
0.1011
0.0800
0.0910
0.0688
0.0740
0.0709

0.0000
0.0000
0.0001
0.0260
0.0462
0.1011
0.0509
0.0119
0.0002
0.0000
0.0000

0.0721
0.1105
0.0844
0.0857
0.0957
0.0806
0.0697

0.0000
0.0000
0.0001
0.0227
0.0430
0.0793
0.0405
0.0149
0.0003
0.0000
0.0000
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\
\ 141 (0,.1) (0,1} 0.5877 0.5900 0.5438 0.5892 0.0821 0.0845 0.0797 0.0816
a 142 (0,.2) 0.4514 0.4486 0.4182 0.4517 0.085%4 0.0890 0.0780 2.0857
) 143 (0,.5) 0.4727 0.4719 0.4722 0.4714 0.0813 0.0826 0.0768 0.0801
144 (0,1) 0.4434 0.4436 0.4497 0.4455 0.0869 0.0869 0.0707 0.0872
145 (0,2} 0.5199 0.5207 0.5061 0.5238 0.0824 0.0826 0.0888 0.0818
146 (0,5) 0.5113 0.5109 0.5318 0.5142 0.0732 0.0758 0.0771 0.0742
147 (0,10) 0.4765 0.4740 0.4807 0.4796 0.0952 0.0966 0.0873 0.0961 ’
148 7 5 EXP(.1) EXP(.1) 0.4351 0.4302 0.4%471 0.4348 0.0928 0.0680 0.0873 0.0924
169 1.2) (.2) 0.5609 0.5453 0.5673 0.5601 0.0821 0.0796 0.0743 0.082S
150 (.5) (.8) 0.5456 0.4964 0.5627 0.5438 0.0780 0.0645 0.0707 0.0782 .
151 (1) (1) 0.4639 0.4582 0.4%986 0.4630 0.0742 0.0656 0.0717 0.0741
152 (2) (2) 0.5449 0.5267 0.5185 0.5432 0.0808 0.0656 0.0694 0.0807
153 (§-3) (8) 0.4605 0.4755 0.5000 0.4568 0.0901 0.0551 0.0958 0.0891
154 (10) (10) 0.4575 0.4722 0.4631 0.4593 0.0811 0.0642 0.0814% 0.0808
158 .1 ) 0.9867 0.9322 0.9663 0.9869 0.0003 0.0049 0.0030 0.0002
156 (.2) 0.9719 0.9152 0.9%63 0.9731 0.0014 0.0047 0.0059 0.0013
157 (.5) 0.8432 0.7383 0.7946 0.8452 0.0250 0.0481 0.0276 0.0243
158 (1) 0.4389 0.4143 0.4276 0.4413 0.1040 0.0699 0.0937 0.1030
159 (2) 0.2466 0.3163 0.2952 0.2470 0.0669 0.0553 0.06%9 0.0669
160 (5 ) 0.0387 0.2200 0.0530 0.0387 0.0032 0.0304 0.005¢ 0.0035
lel (10) 0.0135 0.1681 0.0255 0.01564 0.0007 0.0138 0.0030 0.0008
162 7 6 (.1) (.1} 0.4970 0.5026 0.4993 0.5033 0.084% 0.0758 0.0804 0.0855
163 (.2) (.2) 0.4117 0.4066 0.4336 0.4122 0.0842 0.0809 0.0810 0.084%
164 (.58) (.58) 0.5308 0.5178 0.5261 0.5317 0.0901 0.1034 0.0724 0.0898
165 (1} (1) 0.5223 0.4990 0.5220 0.5240 0.0782 0.0880 0.0722 0.0784
166 (2) (2) 0.4176 0.4323 0.4547 0.4201 0.0730 0.0685 0.0768 0.072%
l67 (5) (5) 0.5417 0.5389 0.5023 0.5407 0.0889 0.0849 0.0751 0.0889
168 (10) 110) 0.4822 0.4732 0.4799 0.4826 0.0641 0.0783 0.0615 0.0643
169 t.1) (1) 0.9902 0.9621 0.9808 0.9902 0.0004 0.0019 0.0037 0.0004
170 (.2) 0.9535 0.9452 0.9109 0.9536 0.0057 0.0042 0.0183 0.0056
171 .5 0.7610 0.7248 0.76431 0.7612 0.0522 0.0521 0.0451 0.0528
172 (13 0.5072 0.5192 0.5401 0.5072 0.0783 0.0817 0.0769 0.0786
173 (2 ) 0.1823 0.2309 0.2121 0.1833 0.0398 0.0423 0.0361 0.0398
176 {5 ) 0.0381 0.0980 0.0620 0.0384 0.0028 0.0109 0.0077 0.0027 -
175 (10) 0.0047 0.0398 0.0107 0.0055 0.0000 0.0020 0.0003 0.0000
176 7 7 t.1) (.1) 0.4747 0.4741 0,4559 0.4774 0.0845 0.0864% 0.0655 0.0841
177 (.2) (.2} 0.5493 0.5482 0.5342 0.5525 0.077¢ 0.0801 0.0672 0.0776
178 (.5) (.5) 0.4733 0.4758 0.4436 0.4760 0.0858 0.0870 0.0756 0.0856
179 (1) 1) 0.5032 0.5020 0.5050 0.5039 0.0683 0.0729 0.0620 0.0695
180 (2) . (2) 0.64240 0.4235 0.4324 0.4216 0.0678 0.0707 0.0644 0.0672
181 (5) (5) 0.4739 0.4724 0,4689 0.4725 0.0905 0.0923 0.0905 0.0907
182 €10) (10) 0.64479 0.4512 0.4609 0.4469 0.0902 0.094%4 0.0878 0.0°09
183 (.1) (1) 0.9954 0.9833 0.9856 0.9951 0.0001 0.0003 0.0017 0.0001
184 (.2) 0.9809 0,9735 0.9605 0.9803 0.0010 0.0009 0.0031 0.0010
188 (.5) 0.8169 0.8198 0.7639 0.8190 0.0354 0.0340 0.0484 0.0342
186 (1) 0.4549 0.4548 0.4734 0.4586 0.0906 0.0912 0.0942 0.0920
187 (2) 0.2188 0.2153 0.2357 0.2182 0.0501 0.0498 0.0580 0.0497
188 (5 ) 0.0358 0.0420 0.0633 0.0361 0.0055 0.0039 0.0121 0.0048
189 (10) 0.0054 0.0210 0.0129 0.0060 0.0001 0.0006 0.0005 0.0001
196 7 5 U0,.1) u(o,.1) 0.539% 0.5388 0.5308 0.5374 0.0609 0.0600 0.0539 0.0606¢
191 (0,.2) (0,.21 0.5652 0.5656 0.5574 0.5646 0.0870 0.0853 0.0817 0.0874%
192 (0,.5) (0,.5) 0.4909 0.4905 0.4856 0.4918 0.0793 0.0785 0.0742 0.0808
193 10,1) (0,1) 0.4868 0.49869 0.4873 0.4875 0.0822 0.0817 0.0845 0.0828 .
19 (0,2) (0,2) 0.4347 0.4353 0.4378 0.434% 0.0922 0.0914 0.0888 0.0936 F‘
195 (0,5) 10,5) 0.4923 0.492¢ 0.4975 0.4922 0.1056 0.1040 0.0972 0.105% ° r
196 10,10) (0,10} 0.4997 0.499% 0.4906 0.5023 0.0907 0.0899 0.0854 0.0903 ﬁ
197 (0,.1) (0,1) 0.9932 0.9942 0.9766 0.9934¢ 0.0003 0.0001 0.C031 0.0002 ’
198 (0,.2) 0.9890 0.9916 0.9701 0.9886 0.0006 0.000%4 0.0031 0.0007 &,
199 (0,.5) 0.8262 0.8250 0.7801 0.8224 0.0577 0.0584 0.0659 0.0580 . \
200 (0,1) 0.4344 0.4362 0.4357 0.4287 0.0821 0.0795 0.0741 0.0822
201 (0,2) 0.1462 0.16477 0.2032 0.1478 0.0331 0.0329 0.0426 0.03642 -
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202
203

20%
205

207
208
209
210

211

213
214
215
216
217

218
219
220
221
222
223
224

225

(0,5)
(0,10)

(0,.1)
(0,.2)
(0,.5)
(0,1)
(0,2)
(0,5)
(0,10)

(0,.1)
(0,.2)
(0,.5)
(0,1)
(0,2)
(0,5)
(0,10)

(0,.1)
(0,.2)
(0,.5)
(0,1)
(0,2)
1(0,5)
(0,10)

(0,.1)
(0,.2)
(0,.5)
(0,1)
(0,2)
(0,5)
(0,10)

{0,.1)
10,.2)
(0,.5)
(0,1)
10,2)
(0,5)
(0,10)

o,1)

(0,.1)
(0,.2)
(0,.5)
(G,1)
10,2)
(0,5)
(0,10)

(0,1)

7 5 GAMA(.1,1) GAMA(.1,1)

7 7

(.2,1)
(.5,1)
(1,1)
12,1)
(5,1)
€10,1)

(1,.1)
(1,.2)
(1,.5)
(1,1)
t1,2)
(1,5)
(1,10}

.1,1)
(.2,1)
(.5,1)
(1,1)
(2,1)
(5,1)
(10,1}

(1,.13
(1,.2)
(1,.5)
(1,1)
(1,2)
(1,5)
(1,10}

{.1,1)
(.2,11)

(.2,1)
(.5,1)
(1,1}
(2,1)
(5,1)
(10,1)

(1,.1)
(1,.2)
(1,.5)
(1,1)
(1,2)
{1,5)
(1,10)

(.1,1)
(.2,1)
(.5,1)
(1,1)
(2,1)
{5,1)
(10,1)

(1,.1)
(1,.2)
(1,.5)
t1,1)
(1,2}
(1,5)
(1,10}

(.1,1)
(.2,1)

0.0180
0.0045

0.589%0
0.5270
0.5398
0.4073
0.497%
0.5199
0.4888

0.9977
0.9891
0.9205
0.5051
0.0919
0.0223
0.0031

0.4566
0.5440
0.5532
0.5268
0.4588
0.5453
0.6160

0.9989
0.9966
0.9269
0.4797
0.0463
0.0085
0.0023

0.4670
0.5300
0.5216
0.5268

7.4830

0.6933
0.5133

0.0170
0.0063

0.5897
0.5263
0.53%¢
0.4069
0.4971
0.5180
0.4890

0.9956
0.9912
0.9211
0.5035
0.0906
0.0215
0.0063

0.4567
0.5451
0.5522
0.5268
0.4588
0.5446
0.6155

0.9980
0.9954
0.9284
0.4795
0.0443
0.0082
0.0034

0.4752
0.5162
0.5137
0.5254
0.5436
0.4379
0.5188

0.4198
0.4841
0.5507
0.4799
0.4762
0.4973
0.5309

0.4913
0.4966
0.4883
0.4795
0.5220
0.5047
0.4614

0.5193
0.4846
0.4910
0.4842
0.4353
0.5007
0.4816

0.4866
0.5064

63

0.0365
0.0083

0.5851
0.5189
0.5299
0.4071
0.4988
0.5254
0.4893

0.9918
0.9695
0.8651
0.5181
0.1443
0.0504
0.0066

0.4715
0.5551
0.5490
0.5073
0.4525
0.5606
0.6033

0.9942
0.9913
0.8888
0.4698
0.0841
0.0332
0.0086

0.3191
0.5022
0.5257
0.5249
0.5648
0.4365
0.5221

0.4499
0.5110
0.5628
0.4437
0.4825
0.5077
0.5355

0.3509
0.4818
0.4819
0.4560
0.5391
0.5095
0.4614

0.5098
0.4776
0.4859
0.64929
0.4340
0.5089
0.4564%

0.3389
0.5121

0.0192
0.0054

0.5897
0.5270
0.5390
0.4070
0.4961
0.5213
0.4882

0.9977
0.9890
0.9200
0.5030
0.0926
0.0240
0.0037

0.4586
0.5432
0.5569
0.5225
0.4621
0.5457
0.6176

0.9989
0.9965
0.9266
0.4769
0.06472

0.0030

0.
0.

0.
0.
g.
0.
0.
9.
0.

0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.

a.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.

0.
G.
0.
0.
0.
0.
0.
0.
0.
0.

o
0.
0.
0.
0.
0.
Q.

0.
0.

0017
0000

0787
0855
0968
0787
0699
0856
0769

0000
0007
0077
0844
0107
0016
0000

0829
0920
a747
0817
0878
0795
0799

0000
0000
0151
0690
0033
0003
0000

0741
0710
0939
088l
0663
0724
0799

0701
0767
0905
0769
0903
0866
0772

0877
0888
1073
0798
0684
0977
0814

.0908

0648
0697
071%
0842
0822
0753

0870
0909

0.0008
0.0001

0.0784
0.0856
0.0963
0.0776
0.0690
0.0848
0.0759

0.0001
0.0004
0.0082
0.0830
0.0106
0.0013
0.0001

0.0821
0.0913
0.0737
0.0811
0.0868
0.0784
0.0792

0.0000
0.0000
0.0149
0.0684
0.0030
0.0003
0.0000

0.0820
0.0835
0.0958
0.0920
0.0684
0.0725
0.0820

0.0724
0.0811
0.0926
0.0796
0.0900
0.0902
0.0830

0.0954
0.0990
0.1135
0.0823
0.0711
0.0985
0.0817

0.0937
0.0678
0.0727
0.0747
0.0841
0.0839
0.0757

0.0985
0.095¢

0.0072
0.0003

0.0719
0.0797
0.0884
0.0721
0.0701
0.0726
0.0687

0.0002
0.0034
0.0226
0.069%6
0.0197
0.C099
0.0001

0.0762
0.089%0
0.0731
0.0720
0.0839
0.0659
0.0661

0.0002
0.0002
0.0245
0.0601
0.0111
0.006%
0.0002

0.0598
0.0708
0.0869
0.0877
0.0558
0.0588
0.0669

0.0601
0.0728
0.0868
0.0714
0.0820
0.0780
0.0567

0.0782
0.0776
0.0765
0.0722
0.0580
0.09%41
0.0767

0.0883
0.0570
0.0543
0.0607
0.0769
0.0707
0.0720

0.0610
0.0803

0.0018
0.0000

0.0778
0.0844
0.0971
0.0784
0.0704
0.0850
0.0781

0.0000
0.0007
0.0078
0.0859
0.0110
0.0017
0.0000

0.0827
0.0923
0.0744
0.0823
0.087¢
0.079%
0.0802

0.0000
0.0000
0.0155
0.0681
0.0034
0.0004
0.0000

0.0738
0.071¢
0.0932
0.0878
0.0657
0.0742
0.0799

0.0701
0.0765
0.089%
0.0779
0.0907
0.0863
0.0765

¢.0878
0.0903
0.1065
0.0810
0.0679
0.0977
0.0816

0.0910
0.066%
0.C699
0.0706
0.0850
0.0822
0.07a4%

0.0869
0.0913

«
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262 (.5,1) (.5,1) 0.5745 0.58%6 0.5470 0.5750 0.0631 0.0636 0.0521 0.0620
263 (1,1) (1,1) 0.4941 0.4929 0.4705 0.4959 0.0899 0.0910 0.0734 0.0892
26% (2,1) (2,1) 0.4787 0.4791 0.4665 0.4758 0.0916 0.0921 0.0826 0.0914
265 (5,1) (5,1) 0.5197 0.5210 0.5156 0.5190 0.0709 0.0717 0.0640 0.0715
266 (10,1) (10,1) 0.5060 0.5062 0.5156 0.5050 0.0818 0.0819 0.0755 0.0817
267 (1,.1) (1,.1) 0.5299 0.5275 0.5674 0.5285 0.0736 0.0754 0.0658 0.0747
268 (1,.2} 11,.2) 0.5463 0.5449 0.5462 0.5481 0.0929 0.0950 0.0906 0.0945
269 (1,.5) (1,.5) 0.5253 0.5250 0.5073 0.5267 0.0839 0.0853 0.0893 0.0830 -
270 (1,1 (1,1) 0.5075 0.5100 0.5250 0.5089 0.0685 0.0725 0.06%45 0.0685
271 1,2) (1,2} 0.5121 0.5102 0.4902 0.5132 0.0527 0.0600 0.0473 0.0529
272 (1,5) (1,8) 0.4706 0.4651 0.4442 0.4726 0.0921 0.0969 0.0806 0.0911
273 (1,10) 11,10) 0.5364 0.5363 0.549%% 0.5362 0.0817 0.0837 0.0623 0.0828 .
7% 7 8 (.1,1) (1,13 0.9709 0.9657 0.9872 0.9709 0.0076 0.0072 0.0006 0.0070
275 (.251) 0.9553 0.9497 0.9701 0.9550 0.0108 0.0105 0.0067 0.0107
276 (.5,1) 0.767% 0.7640 0.7645 0.7664 0.0481 0.0499 0.0436 0.0479
277 (1,1) 0.5200 0.5139 0.4850 0.5206 0.0664 0.0707 0.0502 0.0654%
278 (2,1) 0.1032 0.1063 0.1205 0.1056 0.0194 0.0184 0.0246 0.0204
279 (5,1) 0.0047 0.0055 0.0057 0.0057 0.0001 0.0001 0.0002 0.0001
230 (10,1) 0.0013 0.0002 0.6014 0.0020 0.0000 0.0000 0.0000 0.0000
28l (1,.1) (1,1) 0.9867 0.981% 0.9711 0.9867 0.0008 0.0006 0.0029 0.0007
282 (1,.2) 0.9501 0.9472 0.9206 0.9498 0.0141 0.0129 0.0216 0.0144
283 (1,.5) 0.7965 0.7979 0.7656 0.7967 0.0507 0.0530 0.0551 0.0489
; 28% {1,1) 0.4269 0.4187 0.4360 0.4241 0.0712 0.0737 0.0597 0.0705
f 285 (1,2) 0.252¢ 0.2503 0.3001 0.2513 0.0539 0.0494¢ 0.0639 0.0524¢
286 {1,5) 0.0488 0.0649 0.0854 0.0501 0.0032 0.0028 0.0115 0.0034
287 (1,10) 0.0157 0.0347 0.0248 0.0159 0.0012 0.0014 0.0026 0.0011
288 7 6 .1,1} (1,1) 0.9796 0.9743 0.9920 0.9786 0.0026 0.0022 0.0002 0.0028
289 (.2,1) 0.9160 0.9118 0.9598 0.9133 0.0185 0.0179 0.0053 0.0198
290 (.5,1) 0.8175 0.8199 0.8242 0.8133 0.0352 0.0340 0.0361 0.0369
291 (1,1} 0.4448 0.4435 0.4794 0.4458 0.0749 0.0777 0.0751 0.0757
292 12,1) 0.1683 0.1701 0.1544 0.1695 0.0553 0.0543 0.0436 0.0556
293 (5,1} 0.0020 0.0021 0.0027 0.0031 0.0000 0.0000 0.0000 0.0000 *
2% (10,1) 0.0006 0.0000 0.0006 0.0013 0.0000 0.0000 0.0000 0.0000
295 {1,.1) (1,1) 0.9867 0.9771 0.9703 0.9873 0.0009 0.0008 0.0062 0.0008
296 (1,.2) 0.9550 0.9552 0.9139 0.9546 0.0060 0.0042 0.0235 0.0059 -
297 11,.5) 0.807% 0.8170 0.7682 0.8032 0.0422 0.0417 0.0467 0.0427
298 (1,1) 0.5351 0.5367 0.5215 0.5343 0.0742 0.0761 0.0660 0.0741
299 (1,2) 0.1849 0.1816 0.2270 0.1842 0.0448 0.0431 0.0537 0.0445
300 (1,5) 0.0402 0.0488 0.0697 0.0414 0.0037 0.0032 0.0100 0.0038
301 (1,10) 0.0167 « 257 0.0288 0.0172 0.0021 0.0012 0.0062 0.0021
302 7 7 (.1,1) (1,1) 0.9916 0.9802 0.9947 0.9915 0.0004 0.0004 0.0001 0.0004
303 (.2,1) 0.9337 0.9261 0.9607 0.9352 0.0134 0.0133 0.0050 0.0129
304 .5,1) 0.8345 0.8315 0.8636 0.8350 0.0366 0.0385 0.0242 0.0357
30S (1,1) 0.5059 0.5025 0.5260 0.5084 0.0859 0.0869 0.0731 0.0859
306 (2,1) 0.1076 0.1094 0.1223 0.1074¢ 0.0203 0.0212 0.0241 0.0200
307 (5,1) 0.0016 0.0019 0.0033 0.0027 0.0000 0.0000 0.0002 0.0000
308 (10,1) 0.0003 0.0000 0.0003 0.0012 0.0000 0.0000 0.0000 0.C000
309 (1,.1) (1,1} 0.9950 0.9840 0.9900 0.9949 0.0001 0.0002 0.0003 0.0001
310 (1,.2) 0.9522 0.9430 0.9261 0.9527 0.0192 0.0172 0.0264 0.0189
311 (1,.5} 0.7871 0.7936 0.7505 0.7876 0.0578 0.0573 0.0615 0.0567
312 (1,1) 0.5685 0.5704 0.5472 0.5684 0.0752 0.0767 0.0725 0.075%
313 (1,2) 0.143%4 0.1427 0.1651 0.1456 0.0184 0.0173 0.0213 0.0193
314 (1,5) 0.0340 0.0400 0.0650 0.0343 0.0061 0.0054 0.0166 0.0063
315 (1,10) 0.0062 0.0188 0.0143 0.0074 0.0001 ©.0005 0.0007 0.0001
316 7 5 HWEIB(.1,1) WEIB(.1,1) 0.448%4 0.4321 0.3218 0.4481 0.0772 0.0763 0.0758 0.0783
317 (.2,1) (.2,1) 0.566% 0.5443 0.5472 0.5638 0.0900 0.079% 0.0748 0.0904 .
318 (.5,1) (.5,1) 0.5642 0.4875 0.5627 0.5421 0.0790 0.0734 0.0707 0.0787
319 (1,1) (1,1 0.4639 0.4582 0.4486 0.4630 0.0742 0.0656 0.0717 0.0741
320 (2,1) (2,1} 0.5295 0.5186 0.5185 0.5282 0.0784 0.0614 0.0694 (.0784
321 (5,1) (5,1) 0.4819 0.4914 0.5000 0.4791 0.1019 0.0604 0.0958 0.1016 .
322 (10,1} (10,1) 0.4791 0.4851 0.4631 0.4779 0.0890 0.0544¢ 0.0814 0.0884%
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(.5,1) 0.6859 0.6754 0.6943 0.6871 0.0618 0.0422 0.0508 0.0617
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458 (.5,1) 0.7234 0.6846 0.7327 0.7216 0.0606 0.0663 0.0536 0.0600
459 (1,1) 0.4741 0.4778 0.4757 0.4724 0.0844 0.0805 0.0721 0.0841
460 (2,1) 0.267% 0.2943 0.3015 0.2684 0.0706 0.0687 0.0650 0.0712
461 (5,1) 0.0529 0.0746 0.0662 0.0532 0.0151 0.0191 0.0192 0.0151
462 (10,1) 0.0067 0.0210 0.0112 0.0074 0.0001 0.0006 0.0002 0.0001
463 (1,.1) (1,1) 0.5156 0.5109 0.3460 0.5152 0.0807 0.0939 0.0633 0.0818
464 (1,.2) 0.4298 0.4553 0.4137 0.4293 0.1157 0.1039 0.1039 0.1162
465 (1,.5) 0.4818 0.4914 0.4878 0.4820 0.0814 0.0728 0.0750 0.0821
%6 (1,1) 0.4633 0.4576 0.4544 0.4635 0.0886 0.0889 0.0764 0.0881
%67 (1,2) 0.4854 0.4941 0.4800 0.4881 0.0773 0.0712 0.0582 0.076%
468 (1,5) 0.4968 0.5208 0.4936 0.4946 0.0841 0.0699 0.0824 0.0835
4 469 (1,10} 0.4198 0.4300 0.4222 0.4197 0.0856 0.0849 0.0743 0.086%

470 7 7 (.1,1) (1,1) 0.9827 0.9829 0.9879 0.9825 0.0008 0.0008 0.0003 0.0008
@71 (.2,1) 0.9299 0.9295 0.9376 0.9295 0.0105 0.0107 0.0095 0.010¢
472 (.5,1) 0.7887 0.7881 0.7952 0.7871 0.0528 0.0525 0.0523 0.0537
%73 1,1) 0.4878 0.4872 0.4950 0.4885 0.0593 0.0576 0.0620 0.0606
476 (2,1) 0.2362 0.2366 0.2532 0.2390 0.044%4 0.0441 0.0442 0.0436
%75 (5,11 0.0464 0.0458 0.0820 0.0481 0.0070 0.0071 0.0185 0.0073
476 110,1) 0.0115 0.01122 0.0254 0.0124 0.0008 0.0005 0.0054 0.0007

477 (1,.1) 0.5175 0.5179 0.3557 0.5200 0.0821 0.0893 0.0509 0.0817
%78 (1,.2) 0.5036 0.4961 0.4797 0.5004 0.0647 0.0684 0.0568 0.0658
479 (1,.5) 0.4761 0.4767 0.4765 0.4752 0.0795 0.0792 0.0720 0.0800
480 (1,1) 0.5272 0.5282 0.5266 0.5263 0.1035 0.1028 0.0942 0.104é
481 (1,2) 0.5288 0.5281 0.5159 0.5301 0.0849 0.0841 0.0808 0.0848
482 (1,5) 0.5285 0.5279 0.5143 0.5297 0.0852 0.0857 0.0757 0.0855
483 €1,10) 0.4391 0.4307 0.469]1 0.4388 0.0788 0.0811 0.065%9 0.0800

484 7 5 CHI(1) CHI(1) 0.4570 0.4465 0.4705 0.4564 0.0756 0.0789 0.0671 0.0755
485 (2) 21 0.5609 0.5495 0.5673 0.5603 0.0821 0.0870 0.0743 0.0825
486 (5) (5} 0.5465 0.5433 0.5418 0.5447 0.0750 0.0761 0.0651 0.0754
%87 (10) (10) 0.64986 0.4930 0.4926 0.4973 0.0743 0.0741 0.0678 0.0745

488 (1} (1) 0.4876 0.4804 0.5131 0.4873 0.0957 0.099% 0.0782 0.0959
489 (2) 0.2116 0.2149 0.2089 0.2122 0.0648 0.0645 0.0487 0.064%
%90 (5) 0.0228 0.0276 0.0259 0.0241 0.0023 0.0016 0.0018 0.0025
491 (10) 0.0018 0.0016 0.0022 0.0025 0.0000 0.0000 0.0000 0.0000

492 7 6 (1) (1) 0.4992 0.4977 0.4943 0.4999 0.0784 0.0847 0.0654 0.0789
%93 (2) (2) 0.5253 0.5204 0.5240 0.5256 0.0931 0.0979 0.0817 0.094%2
49% (5) (6) 0.5241 0.5198 0.5329 0.5269 0.09%1 0.0952 0.0910 0.093¢
495 (10) (10) 0.4936 0.4925 0.5105 0.4931 0.0732 0.0740 0.0660 0.0722

496 (1) (1) 0.5700 0.5581 0.5430 0.5689 0.0815 0.0888 0.0757 0.0811
497 (2) 0.2864 0.2836 0.2541 0.2870 0.0488 0.0493 0.0371 0.0477
498 (5} 0.0219 0.0255 0.0182 0.0226 0.002% 0.0024 0.0015 0.0027
499 (10) 0.0012 0.0010 0.001%¢ 0.0020 0.0000 0.0000 0.0000 0.0000

: R 500 7 7 (1) (1} 0.4906 0.4884 0.502]1 0.4889 0.0842 0.08%0 0.0832 0.0832
. 501 2] (2) 0.4995 0.499 0.4960 0.5041 0.0871 0.0912 0.0733 0.0860
; 502 (5) (8) 0.4454 0.4456 0.4568 0.4465 0.0782 0.0781 0.0774 0.0780

07



(10) 0.5141 0.5112 0.5314

o

-5176 0.0933

(1) 0.5428 0.5489 0.5677
(2) 0.1850 0.1870 0.1651
(5 0.0090 0.0103 0.0065
(10} 0.0006 0.0004 0.C006

.5405 0.0697
0.0460
0.0012
0.0000

(- -~ -]

7 5 POIS(1) POIS(1)
(2) 2)
(s) (5)
(10) (10)

.6204 0.5397 0.3303
.5112 0.4504 0.2965
.4805 0.4428 0.3328
.5735 0.5430 0.4785

.0916
. 0897
.0822
.0812

[- -]

[- -3 -]
0000

(1) (1)
(2]
(S)
{10}

.8838 0.8428 0.640%
.8776 0.5133 0.3508
.0518 0.0429 0.0269
.0019 0.0006 0.0016

.0267
. 0856
.0143
.0000

[~ N - -] 0000
[-N-N-N-}
(-3 - - -]

(11
2)
(5)
13i0)

.6185
.8720
.5191
.5803

. 5408
.5114
.4832
.5558

.2839
.3380
.3811
.479%

L0772
.Q717
.0731
.0918

- - -N-)
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cceo ocooo
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(1)
t2)
(5)
10}

. 8882
.5356
.0292
.0013

.84
.«809
.0226
.0005

.0260 0.

.08%6 0.0858
.0017 0.0011
.0000 0.0000

.3262
.0139

[~ - -]
[~ -N-N-)
cooo
ccoo
(- - NN -]
coow

11)
t2)
(5]
€10)

L4918
.5179
.5980
.5951

.4131
L6711
.5609
.8707

.0911 0.0048
.1130 0.1120
.07909 @.Q717
.0912 0.091¢

0000
[-x- -]
ecoo
oeoco
- - N-N -]
cooco

(DS
12
i5)
ti0)

. 9080
.563¢
.0186
0004

. 8695
.5036¢
.0162
. 0001

.01647 0.0207
.0708 0.0713
.0010 0.000¢
. 0000 0.0000

.OOOO
0000
0000
cooo
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cooo

7 S BIN(10,.1) BIN(10,.1)
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€10,.71 t10,.7)
110,.8) 110,.8)
110,.9) t10,.9)

.4839
. 5050
. 5358
. 4826
.5879
4672
Y ¥

.0927 0.0%?
.1092 G.110e
.0767 0.07S8
072¢ 0.0737
.0817 0 o85:
0983 0 0%
.Q707 0.071e
0748 0.0770
.0866 0. 0851}
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. 598
. 5423
. 0085

coococcoooe
-N-N-N-E-N-N-N-N-]
cooocoooco
cecoococooo
00000000
0000009.09

(5,.8) (%5,.8)

110,.81 110,.5)
120,.51 120,.9%1
150,.5) 150,.5)
1100,.5) 1100,.5)
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0803 0 0907
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0828 0 08l1°
7% 0. 080e

°O°°°
OO0.00
cecoo
00 oOO0
00090
o000 o
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110,.2) t10,.2)
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(10, .61 (10, .41
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110, .9} t10,. %)

0827 0 0823
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078% C 07«8
G817 9 Q78
Ue82 0 Vesd
0083 0 N4
06%% 0 0’19
07’% 0 0778
0628 0 Oen)

OOOOOOOQO
cocQCO00COoOO0OOVO
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50 7 7
561

563
564

566
567
568

569
570
571
572
573

57¢ 7 5
578
576
577
s78
579

581
582

6ll

el2 v 7
(3%
el
(3% ]
ole
el7
»18
(%)
620

21

(10,.1)
(10,.2)
(10,.3)
110,.4)
110,.5)
(10,.6)
110,.7)
(10,.8)
(10,.9)

t5,.5)
(10,.5)
120,.5)
(50,.5)
1100,.5)

(50,.1)
156,.2)
(50,.3)
150,.4)
150,.85)
150,.6)
(50,.7)
150,.8)
(50,.9)

(10.,.5)
120,.5)
(30,.5)
(40,.5)
(50,.5)
160,.5)
t70,.58)
(80,.5)
(90,.5)
(100,.5)

(50,.1)
(%50,.2)
150,.31
150,.6)
(50,.5)
150,.6)
180, .71}
150,.8)
(%0,.9)

t10,.51)
120,.%)
130,.5%5)
140,.8)
150,.5)
160,.5)
170,.8)
i80,.5)
190,.8)
1100,.8!

(%0, .1
180, .2)
"o",’
150, &)
t80,.%8)
t80, o)
t50.. 7
‘50, 8)
(80, 9

(10, S

(10,.1)
(10,.2)
(10,.3)
(10,.4)
110,.5)
110,.6)
(10,.7)
(10,.8)
(10,.9)

(5,.5)
(10,.5)
(20,.5)
150,.5)
1100,.5)

1(50,.5)

(50,.5)

(50,.%5)

150,.5)

150, 5!

0.4986
0.6077
0.5699
0.5125
0.6209
0.5317
0.5732
0.5588
0.6147

0.5356
0.5694
0.6008
0.5862
0.5149

1.0000
1.0000
0.999%
0.9510
0.4830
0.0705
0.0022
0.0013
0.0013

1.0000
1.0000
0.9997
0.9734
0.4821
0.102%
0.0060
0.0018
0.0013
0.0013

1.0000
1.0000
0.9985
0.9535
0.5030
0.0461
0.0019
0.0006
0.0006

1.0000
1.0000
0.9995
0.%75
0.5576
0.0687
0.0028
0.0006
0.0006
0.0006

1.0000
1.0000
0.999%
0. %84
0.5172
0.0617
0.000e
0.0003
0.0003

1.0000

0.4979

1.0000
0.9999
0.9993
0.9%52
0.4575
0.0607
0.0009
0.0000
0.0000

.0000
. 0000
. 999%
. 9682
. 4603
.0918
.0038
.0002
.0000
.0000

[-X-N-N-N-N-N-N-NN

.0000
.0000
. 9985
. 967
.4817
.039%
.0008

(- - - - - - -

. 0000

.0000
0000
.999%
.9%18
.5328
.0628
-0016
. 0000

CO0O0O0O00 0O i

.0000

. 0090
. 0000
. 99%
.96]
.95
.0358
.0002
.0000
. 0000

OO0 00O OO0+,

-

. 0000

0.2067
0.3357
0.3636
0.3185
0.4085
0.3652
0.3388
0.3367
0.2786

0.2550
0.3530
0.4478
0.%801
0.4454

0.9986
0.9985
0.9972
0.5100
0.4198
0.0538
0.0019
0.0014
0.0014

0.9986
0.99%85
0.9973
0. 964
0.4029
a.0878
0.0053
0.0018
0.0014
0.0014¢

0.999%
0.9993
0.9952
0.9185
0.4236
0.035¢6
0.0018
0.0006
0.0006

0.99%
0.99%
0.9973
0.9313
0.46056
0.0550
0.0035
0.0006
0.0006
0.0006

0.99%7
0.99¢7
0.9979
0.9460
0.4364
0.0284
0.0006
0.0003
0.0003

0.9997

0.5003
0.6087
0.5691
0.5138
0.6180
0.5300
0.5769
0.5563
0.6154

0.5384
0.5483
0.5972
0.5857
0.5157

1.0000
1.0000
0.99%
0.9508
0.4839
0.0731
0.0031
0.0023
0.0021

1.0000
1.0000
0.9997
0.9724
0.4814
0.1032
0.0067
0.0025
0.0021
0.0024

1.0000
1.0000
0.9906
0.9531
0.5055
0.0465
0.0028
0.0017
0.0016

1.0000
1.0000
0.999%
0.9%9%
0.5564
0.06%
0.0036
0.0014
0.0014
0.001é

1.0000
1.0000
0.99%
0.9%486
0.5165
0.0429
0.0016
0.0013
0.0012

1.0000

0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
Q.
0.
0.
0.
0.

0.
0.
Q.
0.
0.
0.
0.

o

0O0O0O0OO0OOODOO (-3~}

[-N-N-N-N-N-N--N-J

0957
0778
0833
0813
0813
0976
0760
0853
0839

0686
0779
0872
0940
0869

0000
0000
0000
0136
0705
0131
0000
0000
0000

0000
0000
0000
0017
1019
0255
0001
0000
0000
0000

0000
0000
0000
0092
0873
0093
0000

0.0928
0.0780
0.0852
0.0806
0.0834
0.1003
0.0767
0.0886
0.0879

0.0644
0.0764
0.0891
0.0948
0.0863

0.0000
0.0000
0.0000
0.0148
0.0709
0.0113
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0023
0.1021
0.0222
0.0001
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0109
0.0878
0.0078
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0039
0.0790
0.0175
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0059
0.08%
0.0040
0.0000
0.0000
0.0000

0.0000

0.0441
0.0458
0.0812
0.0635
0.0765
0.0934
0.0607
0.0731
0.0665

0.0662
0.0640
0.072%
0.0873
0.0773

0.0000
0.0000
0.0000
0.0203
0.0672
0.0078
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0044
0.0822
0.0229
0.0001
0.0000
0.0000
0.0000

0.0000
0.0000
0.0001
0.0158
0.0840
0.0068
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0108
0.0665
0.0116
0.0001
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.00%
0.0829
0.0028
0.0000
0.0000
0.0000

0.0000

0.0954
0.0787
0.0843
0.0815
0.0829
0.0965
0.0757
0.0855
0.0846

0.0688
0.0776
0.0871
0.0946
0.0863

0.0000
0.0000
0.0000
0.0140
0.0711
0.0136
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0019
0.1018
0.0259
0.0001
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0095
0.0863
0.0091
0.C000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0032
0.0790
0.0190
0.0000
0.0000
0.0000
0.0000

0.0000
0.0000
0.0000
0.0045
0.0870
0.0052
0.0000
0.0000
0.0000

0.0000




622
623
624
625
626
627
628
629
630

631
632
633
634
635
636
637
638
639

640

642
643

645
646
647

649

667

675

676
677
678

580
681
682
683
634

(20,.5)
(30,.5)
(40,.5)
(50,.5)
(60,.5)
(70,.5)
1(80,.5)
(90,.5)
(100,.5)

7 5 GEOM(.1l) GEOMI
.2) (
(.3) (
(.6) (
(.5) {
(.6) {
.7 {
(.8) (
(.9 (

1) (

N e e - e o sm oam oen - - n e - o - P R N e
o« o o a2 e e e & 4 e & e » = = . ® s e s e e P
-~ - - -

e e e e P N N N e )
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1)
.2)
.3)

.5)
.6)
.7
.9)

.5}

1.0000
0.9998
0.9821
0.5702
0.0390
0.0018
0.0004
0.0003
0.0003

0.4785
0.5105
0.5725
0.6032
0.5993
0.5527
0.6060
0.6728
0.7414

0.0533
0.1359
0.2910
0.3952
0.6066
0.7416
0.8103
0.8872
0.9622

0.5375
0.4658
0.6138
0.5450
0.4707
0.6424
0.5855
0.7246
0.7873

0.0321
0.0899
0.1773
0.4204
0.5264%
0.7452
0.8914
0.9076
0.9509

0.5106
0.5386
0.5782
0.5798
0.5376
0.5598
0.6437
0.6848
0.7275

0.0188
0.1155
0.2977
0.4276
0.6306
0.6713
0.8234
0.9030
0.9%482

1.0000
0.9998
0.9787
0.5468
0.034%
0.0010
0.0001
0.0000
0.0000

0.4681
0.4738
0.5288
0.5468
0.5207
0.4440
0.4554
0.4654
0.4233

0.0699
0.1179
0.2437
0.3305
0.5230
0.6731
0.7152
0.8253
0.8782

0.5268
0.4403
0.5748
0.4860
0.4089
0.5504
0.4457
0.5471
0.5023

0.0383
0.07¢8
0.1428
0.3648
0.4543
0.6767
0.8376
0.8345
0.8954

0.5027
0.5181
0.5479
0.5300
0.4728
0.4811
0.5192
0.5058
0.4516

0.0216
0.0998
0.2514
0.3749
0.5766
0.5979
0.7875
0.8513
0.8829

70

0.9997
0.9990
0.9554
0.4816
0.0368
0.0019
0.0005
0.0003%
0.0003

0.4116
0.4113
0.3701
0.3652
0.2925
0.1683
0.1259
0.0627
0.0377

0.0297
0.0736
0.16423
0.1651
0.2921
0.3698
0.355%56
0.3933
0.4922

0.4777
0.3466
0.4211
0.2656
0.1759
0.2232
0.1196
0.0846
0.0296

0.0193
0.0458
0.0760
0.1742
0.2666
0.3563
0.4790
0.4230
0.4042

0.4106
0.3814
0.3780
0.2911
0.1980
0.1761
0.1322
0.0380
0.0091

0.0085
0.0470
0.1367
0.2098
0.2972
0.2518
0.3451
0.3891
0.4025

1.0000
0.9999
0.9822
0.5689
0.0399
0.0026
0.0016
0.0012
0.0012

0.4798
0.5101
0.5766
0.604%
0.5992
0.5544
0.6068
0.6723
0.7435

0.0540
0.1396
0.2931
0.3961
0.6063
0.7424
0.8093
0.8880
0.9607

0.5373
0.4658
0.6140
0.5475
0.4654
0.6419
0.5848
0.72648
0.7878

0.0347
0.0926
0.1773
0.4190
0.5272
0.7434
0.8923
0.9083
0.9512

0.5117
0.5413
0.5777
0.5798
0.5348
0.5605
0.6414
0.6843
0.7284

0.0192
0.1159
0.3011
0.4248
0.6311
0.6715
0.8237
0.9050
0.9477

0.0000
0.0000
0.0009
0.0758
0.0048
0.0000
0.0000
0.0000
0.0000

0.0940
0.0573
0.0858
0.0743
0.0896
0.0629
0.0726
0.0815
0.0728

0.0129
0.0260
0.0509
0.0773
0.0831
0.0603
0.0355
0.0410
0.0061

0.0674
0.0812
0.0812
0.0769
0.0949
0.0761
0.0891
0.0763
0.055%9

0.0021
0.0134¢
0.0304
0.0855
0.0796
0.069%6
0.0251
0.0356
0.0067

0.0863
0.0927
0.0740
0.0740
0.0733
0.099%
0.0837
0.0937
0.1000

0.0012
0.0289
6.0732
0.091¢
0.0765
0.0709
0.0398
0.0210
0.0122

0.0000
0.0000
0.0012
0.0761
0.0040
0.0000
0.0000
0.0000
0.0000

0.09%9
0.0579
0.0912
0.0849
0.0907
0.0675
0.079%6
0.0712
0.0747

0.0127
0.0193
0.0444
0.0722
0.0978
0.0737
0.0619
0.0498
0.0286

0.0702
0.0830
0.0862
0.0796
0.0928
0.0873
0.0868
0.0960
0.0834

0.0016

0.0000
0.0000
0.0041
0.0667
0.0044%
0.0000
0.0000
0.0000
0.0000

0.0793
0.0593
0.072¢
0.0725
0.0664
0.0335
0.0336¢
0.0077
0.0074

0.0062
0.015¢6
0.0299
0.0387
0.0796
0.0688
0.0672
0.0815
0.1332

0.0703
0.0745
0.0808
0.0442
0.0433
0.0496
0.0236
0.0166
0.003%

0.0009
0.0076
0.0127
0.0444
0.0752
0.0929
0.0784
0.1208
0.0800

0.0692
0.0642
0.0569
0.0545
0.0283
0.0388
0.0314
0.0050
0.000¢

0.0002
0.0097
0.0306
0.0610
0.0728
0.04806
0.0610
0.0792
0.0871

0.0000
0.0000
0.0010
0.0762
0.0045
0.0000
0.0000
0.0000
0.0000

0.0927
0.0571
0.0860
0.0752
0.0908
0.0618
0.070%
0.0809
0.0715

0.013%
0.0256
0.0512
0.0769

0 0606
0.0356
0.0415
0.0065

0.0669
0.0824
0.0806
0.0768
0.0950
0.0753
0.0889
0.0758
0.0562

0.0024¢
0.0138
0.0297
0.0860
0.0797
0.0691
0.0242
0.0359
0.0070

0.0855
0.0930
0.0737
0.0742
0.0743
0.09%
0.0831
0.0953
0.0990

0.0011
0.0281
0.0738
0.0900
0.0756
0.0705
0.0401
0.0206
0.0126
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APPENDIX C —
. . "!'."Q'l
TWQO SAMPLE APPROXIMATE RANDOMIZATION TEST Sl
0
1
MMBER OF ITERATIONS: 50 _"Q:
SAMPLE DISTRIBUTIONS: Ni(0,1) At
SAMPLE Tl
SIZES AVERAGES VARTANCES et
case 1 2 P R T M A R T M A \t A f(
685 7 7 200 0.5288 0.5299 0.5154 0.5310 0.0756 0.0759 0.0767 0.0765 .j"-
686 300 0.5066 0.5075 0.5112 0.5153 0.0899 0.0903 0.0896 0.0908 A
697 400 0.5790 0.5790 0.5874 0.5787 0.0732 0.0727 0.0673 0.0732 —
688 500 0.4520 0.4519 0.4676 0.4530 0.0903 0.0905 0.0797 0.0889 _
689 600 0.5009 0.5012 0.4856 0.5010 0.0973 0.0975 0.0788 0.0957 ‘\
690 700 0.5863 0.5862 0.5809 0.587¢ 0.0907 0.0911 0.0849 0.0906 vty
691 800 0.5394 0.5391 0.5293 0.5362 0.0857 0.0857 0.0726 0.0850 \.:,\5
692 9C0 0.5405 0.5396 0.5445 0.5394 0.0736 0.0745 0.0522 0.0742 Yot
693 1000 0.4851 0.4866 0.4921 0.4856 0.0853 0.0854 0.0760 0.0863 D
69% 100 0.5447 0.5355 0.5424 0.5657 0.0975 0.0971 0.0870 0.0971 Sate
695 1200 0.4499 0.4503 0.4429 0.4486 0.0883 0.0885 0.0770 0.0884 ;
696 1300 0.5088 0.5086 0.5220 0.5114 0.0785 0.0786 0.0685 0.0780
697 1400 0.4459 0.4455 0.4399 0.4472 0.0801 0.0807 0.C780 0.0800 o
698 1500 0.4595 0.4593 0.4589 0.4612 0.0872 0.0871 0.075« C.0870 A
699 1600 0.5284 0.5282 0.5257 0.5298 0.0723 0.0722 0.0753 0.0723 Yote
700 1700 0.4909 0.4912 0.4808 0.4932 0.0915 0.0912 0.0799 0.0920 TS
701 1600 0.4818 0.4813 0.4807 0.479% 0.0960 0.0960 0.0853 0.0962 N
702 1900 0.5321 0.5338 0.53¢9 0.5325 0.0889 0.0884 0.0842 0.0888 Ry
703 2000 0.5171 0.5178 0.4966 0.5196 0.0727 0.0723 0.0641 €.0728 v i
706 8 7 200 0.5363 0.5372 0.5287 0.5338 0.0788 0.0791 0.0790 0.0808 v
708 300 0.5284 0.5281 0.5329 0.5366 0.0920 0.0918 0.0906 0.092% YN,
706 430 0.5702 0.5702 0.57506 0.5709 0.0770 0.0769 0.069¢ 0.0781 ALY
707 500 0.4628 0.4633 0.4721 0.4614¢ 0.0884 0.0884 0.0810 0.0884 :-.4'\’
708 600 0.4979 0.4983 0.4856 0.5014¢ 0.0858 0.0860 0.069% 0.0866 LAY,
709 700 0.5792 0.5791 0.5710 0.5800 0.0807 0.0809 0.0780 0.0816 5
710 800 0.5340 0.5340 0.5195 0.5331 0.0906 0.0907 0.0799 0.0893
711 900 0.5285 0.5278 0.5302 0.5291 0.0756 0.0764 0.C572 0.0754 »
712 1000 0.4782 0.4793 0.4953 0.4779 0.C855 0.0863 0.0777 0.0853 aw,
713 1100 0.5482 0.5490 0.5475 0.5506 0.0999 0.0998 0.0887 0.1005 ';.'fs
714 1200 0.4591 0.4595 0.4390 0.4607 0.0898 0.0899 0.0767 0.0905 ALY
718 1300 0.5162 0.5162 0.5236¢ 0.5179 0.0789 0.0790 0.0716 0.0790 f,;‘-ﬁ'
716 1400 0.4482 0.4485 0.4451 0.4479 0.08l6 0.0823 0.0776 0.0807 -,:4.:
717 1500 0.4550 0.4548 0.449 0.4579 0.0874 0.0873 0.0773 0.0881 PO
718 1600 0.5188 0.5189 0.5121 0.5192 0.0660 0.0661 0.0680 0.0659 P
719 1700 0.5056 0.5066 0.4938 0.5084¢ 0.0862 0.0863 0.0736 0.086S .
720 1800 0.468¢ 0.4684 0.4662 0.4677 0.1603 0.1005 0.0922 0.1003 DA
721 1900 0.5499 0.5506 0.545¢ 0.5502 0.0873 0.0868 0.0866 0.0878 e
722 2000 0.5068 0.5072 0.4838 0.5047 0.0695 0.0692 0.0602 0.0698 'G:'
723 9 7 200 0.4733 0.4731 0.4856 0.4764 0.1062 0.1063 0.1001 0.1054 ‘51
724 300 0.64457 0.4461 0.4678 0.4569 0.0715 0.0715 0.0681 0.0723 Ve
725 %00 0.5221 0.5216 0.5430 0.5179 0.0750 0.0752 0.0680 0.0767
726 500 0.5444 0.5448 0.5281 0.5467 0.09¢5 0.0939 0.0903 0.0933
727 600 0.4557 0.4549 0.4542 0.4592 0.0927 0.0925 0.0836 0.0930 TN
728 700 0.5268 0.5262 0.5247 0.5284 0.0863 0.0861 0.0765 0.0865 A
729 800 0.5643 0.5650 0.5526 0.5681 0.0751 0.0753 0.0718 0.0752 ~:!-,
730 900 0.4534 0.4542 0.4681 0.4542 0.0711 0.0717 0.0693 0.0708 N
731 1000 0.4784 0.4776 0.4858 0.4778 0.0864 0.0864 0.0742 0.0860 ;ﬁ-
732 1100 0.5376 0.5360 0.5382 0.5349 0.0933 0.0936 0.0864 0.0935 Pl
733 1200 0.5131 0.5133 0.5148 0.5125 0.0775 0.077¢ 0.0682 0.0770 4
736 1300 0.445]1 0.4449 0.4479 0.4434 0.0816 0.0810 0.0797 0.0810 .
738 1600 0.56421 0.5416 0.5303 0.5426 0.074¢5 0.0748 0.0689 0.0750 NS
736 1500 0.5479 0.5478 0.5536 0.5488 0.0788 0.078%3 0.0677 0.0786 .‘_:,:,
N
A :: c:
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737
738
739
740
74}

1600
1700
1800
1900
2000

0.4959
0.5967
0.4405
0.4997
0.4891

0.4953
0.5%7
0.4397
0.4999
0.4897

0.4918
0.5938
0.4465
0.5060
0.4914¢

0.4969
0.5961
0.4422
0.4996
0.4900

0.0926
0.0649
0.0687
0.1006
0.0879

0.0927
0.0650
0.0688
0.1003
0.0878

0.0872
0.0612
0.0570
0.0911
0.0869

0.0930
0.064%4
0.0682
0.1000
0.0875

Al
o
o
Al
i
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APPENDIX D o
ANOVA CHANGES IN SAMPLE SIZES .:',‘
)
’.
N
NUMBER OF ITERATIONS: 50 W
- SAMPLE DISTRIBUTIONS: Ni(0,1)
APPROXIMATE RANDOMIZATION SAMPLE SIZE: 1000 -
A
SAMPLE -
SIZES AVERAGES VARIANCES PR
CASE 1 2 3 R F K A R F K A ~:
LS
7¢2 2 2 2  0.5773 0.5424 0.5470 0.5568 0.0865 0.0886 0.0891 0.0867 >
763 3 3 3 0.4421 0.4369 0.4540 0.441¢ 0.0876¢ 0.0822 0.0903 0.0877 -
LA
74 & & &  0.5151 0.5124 0.5089 0.5172 0.0846 0.0833 0.0728 0.0852 oy
‘N
746 & 4 3 0.5334 0.5314 0.5477 0.5312 0.0801 0.0771 0.0766 0.0805 Y
.
766 4 4 2 0.4449 0.4458 0.4751 0.4447 0.0763 0.0762 0.0847 0.0767 X
747 @ 3 3 0.5126 0.5080 0.5152 0.5117 0.0856 0.0813 0.0859 0.0862
748 6 3 2 0.4477 0.4457 0.4631 0.4493 0.0866 0.0865 0.0888 0.0856 N
.
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APPENDIX E
ANOVA DISTRIBUTIONAL CHANGES

NUMBER OF ITERATIONS: 50
APPROXIMATE RANDOMIZATION SAMPLE SIZE: 1000
SAMPLE
SIZES SAMPLE DISTRIBUTIONS AVERAGES VARIANCES
CASE'l 2 3 1 2 3 R F K A R F K A
749 4 & & N(-10,1} N{-10,1) N(-10,1) 0.5441 0.5609 0.5429 0.5418 0.0789 0.0780 0.0832 0.0787
750 (-5,1) (-5,1) (-5,1) 0.4470 0.4480 0.4343 0.4418 0.1017 0.1039 0.0841 0.1007
751 (-2,1) -2,1) (-2,1) 0.504% 0.5028 0.499¢ 0.5018 0.0754 0.0733 0.0671 0.0762
752 1-1,1) -1,1) {-1,1) 0.5313 0.5298 0.5205 0.5340 0.0804¢ 0.0809 0.0790 0.0799
753 (-.5,1) (-.5,1) (-.5,1) 0.5617 0.5631 0.5639 0.5619 0.0772 0.0773 0.0752 0.0766
754 (-.2,1) (-.2,1) (-.2,1) 0.5188 0.5209 0.5215 0.5217 0.0821 0.0824 0.0779 0.0819
755 (=.1,1) (=.1,1) (-.1,1) 0.4660 0.4688 0.4478 0.4674 0.0859 0.0834 0.0802 0.0845
756 (0,1) (0,1} (0,1) 0.5048 0.5041 0.4986 0.5045 0.0825 0.0831 0.0818 0.0842
757 (.1,1)  (.1,1) (.1,1) 0.5151 0.5124 0.5089 0.5127 0.0846 0.0833 0.0728 0.0846
758 .2,1) 1.2,1) (.2,1) 0.5222 0.5222 0.5336 0.5225 0.0787 0.0778 0.0744 0.0787
759 (.5,1) (.5,1) (.5,1) 0.484% 0.4831 0.4897 0.4862 0.0886 0.0882 0.0766 0.0892
760 (1,1) (1,1) (1,1} 0.5636 0.5579 0.5232 0.5646 0.0850 0.0847 0.074% 0.0856
761 {2,1) 12,)) 12,1} 0.4731 0.4745 0.6735 0.4739 0.0733 0.0740 0.0677 0.0727
762 (5,1) (5,11 (5,1) 0.5429 0.5424 0.5489 0.5411 0.0830 0.0820 0.0845 0.0831
763 (10,1) (10,1) (10,1) 0.4356 0.4373 0.4546 0.4341 0.0970 0.0956 0.0997 0.0969
764 10,.1)  (0,.1) 10,.1) 0.5350 0.5335 0.5198 0.5345 0.0681 0.0690 0.0797 0.069Q
765 (0,.2) 0,.2) 10,.2) 0.4658 0.4645 0.4513 0.4649 0.0714 0.0708 0.0656 0.0724
766 (0,.%) 10,.5) (0,.5) 0.5296 0.5280 0.5306 0.5325 0.0819 0.0817 0.0805 0.0804
767 1o, 10,1) 10,1) 0.4737 0.4752 0.4702 0.4745 0.0961 0.0963 0.0801 0.0962
768 10,2) 10,2} 10,2) 0.5360 0.5336 0.5289 0.5388 0.0758 0.0758 0.0766 0.0755
769 10,5) 10,5) (0,5) 0.508)1 0.5066 0.5374¢ 0.5036 0.0931 0.0934¢ 0.0816 0.0929
770 t0,10) (0,10} (0,10) 0.4886 0.4890 0.4867 0.4902 0.0813 0.0831 0.0739 0.0805
771 3 3 3 (-10,1) (-10,1) (-10,1) 0.5075 0.5101 0.4854 0.5079 0.0734 0.0754 0.0583 0.0735
772 (-5,1) (-5,1) t-5,1) 0.4730 0.47%9 0.4710 0.474% 0.0879 0.0875 0.0878 0.0890
773 1-2,1) (-2,1) (-2,1) 0.5031 0.4987 0.4989 0.5006 0.0702 0.0706 0.0656 0.0703
776 (-1,11 (=1,1) (-1,1) 0.4843 0.479% 0.485]1 0.4830 0.0768 0.0784 0.0743 0.076%
778 i-.8,1) 1-.5,1) 1-.8,1) 0.5623 0.5615 0.5652 0.562% 0.0675 0.0673 0.0614 0.0676
776 1-.2,1) (-.2,11 (-.2,1) 0.5424 0.5433 0.5614 0.5433 0.0767 0.0767 0.0816 0.0767
777 (-.1,11F (-.1,11 (-.1,1) 0.4716 0.4746 0.4522 0.4703 0.0935 0.0921 0.0905 0.0934
778 to, 1) to,1) (0,1) 0.5091 0.5150 0.5003 0.5105 0.0865 0.08% 0.0771 0.086%
779 t.1,1) .1,1) (.1,1) 0.5181 0.5121 0.5095 0.5149% 0.0968 0.0875 0.0883 0.09%1
780 .21 1.2,1) .2,1) 0.546% 0.5369 0.5705 0.5465 0.0738 0.0741 0.0765 0.0734%
78} (.5,11 (.5,1) (.5,1) 0.4750 0.4478 0.5083 0.4742 0.0860 0.0870 0.0801 0.0863
782 1,1 1.1) t1,1) 0.5383 0.5372 0.5223 0.5412 0.0802 0.0800 0.0732 0.07%
783 (2.1 (2,19 (2,11 0.5069 0.5065 0.5071 0.5057 0.0799 0.0833 0.0780 0.0800
784 (5,11 18,1) (5,1} 0.5479 0.5449 0.56406 0.5452 0.0935 0.0%1 0.0858 C.0925
788 10,1} 10,1} 110,1) 0.4765 0.4787 0.4876 0.4770 0.0853 0.0836 0.0855 0.0860
78¢ 10,.1) 10,.11 (0,.1) 0.5643 0.5618 0.5662 0.5642 0.0737 0.0764 0.0703 0.0743
78?7 10,.2) 10,.2) 10,.2) 0.5514 0.5529 0.5418 0.5530 0.0812 0.0843 0.0700 0.C803
788 to,. 5 10,.5) 10,.5) 0.51el 0.5175 0.50585 0.5128 0.0783 0.0738 0.0716 0.0778
78e t0,1) (0,11 10,19 0.3866 0.3797 0.4003 0.3857 0.0857 0.081% 0.0865 0 0861
7% 10,29 10,2} 10,2) 0. 5814 0.5855 0.5881 0.5807 0.0758 0.0772 0.0819 0.0745
7ol 10,5 10,8) 10,5) 0.%97% 0. 4987 0.5037 0.4955 0.0636 0.0632 0.0618 0.0642 .
792 10,10 10,10} (0,101 0 5031 O %998 0.4902 0.5030 0.09%8 0.09%4% 0.082° 0 0%0¢
'
/o3 2 2 2 1-10,31 ©-10,1) 1« 10,1) 0 S187 0.4914 0.4761 0.5106 0.083% 0. 0837 0.08°]1 C.08%e "
7% t-%,1) (-5,11 1-§,11 0 5,80 0.5098 0.4985 0 .«730 0.0551 0.0599 0.00679 0 0567 A
res -2, t-2,1) 1-2,1) 0 S627 0. 5478 0.5220 0.54% 0.0°11 0 0881 0.0885 0.092¢ !
) r-1,11 el 1-1,10 0 «%0 0 «593 0 «59] 0 «%8 0 08% 0 0937 0.0°58 7 (9le .
79?2 t- 8,10 & §,11 (- §,1) 0 SOB0 0 864 0 .«82]1 0 «%17 0 0867 0 0889 (0 0910 0.088] .';‘
Il E- 2.3 1 2,1 - 2,00 0 5687 O %331 0 8272 C Se75 0 0911 0.094% U 0917 0 u%s ":
I'.
y e
R S S




e52

855
856
as57
858

859
860

3

4

3

2

3

2

(=.1,1)
(0,1)
(.1,1)
(.2,1)
(.5,1)
(1,1)
(2,1)
(5,1)
(10,1)
(0,.1)
(0,.2)
10,.5)
10,1)
(0,2)
(0,5)
(0,10)

(0,1)

(0,1)

0,1)

(0,1)

(0,1)

(-.1,1)
10,1}
(.1,1}
(.2,1)
(.51)
(1,1
(2,1)
(5,1)
(10,1)
(0,.1)
(0,.2)
(0,.5)
(0,1)
(0,2)
(0,5)
(0,10}

(0,1)

(0,1)

(0,1)

(0,1)

(0,1)

(-.1,1)
(0,1)
(.1,1)
(.2,1)
(.5,1)

(1,1)

(2,1)
(5,1)
(10,1)

(0,.1)
(0,.2)
(0,.5)
10,1}
10,2}
(0,5)
(0,10)

(-10,1)
(-5,1)
-2,1)
(=1,1)
(-.5,1)
(-.2,1})
(-.1,1)
(0,1)
(.1,1)
(.2,1)
(.5,1)
1,1}
2,1
(5,1)
€10,1)

(0,.1)
(0,.2)
(0,.5)
(0,1)
10,2)
(0,5)
(0,10)

(-10,1)
(-5,1)
(-2,1)
(-1,1)
(-.5,1)
(-.2,1)
(=-.1,1)
(0,11}
(.1,1)
(.2,1)
(.5,1)
(1,1)
(2,1)
(5,1)
(10,1)

0,.1)
(0,.2)
10,.5)
(0,1)
(0,2)
10,5)
(0,10)

(-10,1)
(-5,1)
1-2.1!

0.5080
0.5240
0.5280
0.5240
0.5120
0.5867
0.5373
0.6133
0.5040

0.5640
0.6000
0.5200
0.5227
0.4760
0.5613
0.6013

0.003%
0.0028
0.0553
0.2591
0.4991
0.5288
0.4662
0.5048
0.5083
0.5069
0.3951
0.3289
0.0547
0.0033
0.0030

0.5860
0.4869
0.5077
0.4737
0.5608
0.459%
0.4792

0.0196
0.0193
0.1069
0.2868
0.5009
0.5407
0.4726
0.5091
0.5116
0.5233
0.42642
0.3741
0.0913
0.0202
0.0189

0.5601
0.5288
0.5156
0.3866
0.6154
0.4591
0.5476

0.1347

0.1240
0.2880

7S

0.4773
0.4708
0.4886
0.4865
0.4763
0.5509
0.4951
0.5708
0.4726

0.4899
0.5062
0.5099
0.4874
0.5042
0.5641
0.51590
0.5747
0.4652

0.5244
0.5710
0.4920
0.4817
0.4388
0.5203
0.55%

0.0064
0.0054
0.0656
0.2602
0.5125
0.5223
0.4491
0.4986
0.4952
0.4965
0.3937
0.3135
0.0629
0.0063
0.0058

0.5131
0.4581
0.5023
0.4702

0. 6855
0.4824

0.0283
0.0287
0.1152
0.2840
0.5024
0.5454¢
0.4532
0.5003
0.5058
0.5273
0.4353
0.3542
0.09%63
0.0299
0.0281

0.519%
0.4999
0.5016
0.4003
0.6272
0.4677
0.5361

0.129¢
0.1267
0.2910

(- -X-X-N-N- -]

CO0O00O0O0O0O0OO0ODOOO0OO0 0000000 OOOQOOOOOOOOP?Q

.0037

.2590
.4965
.5319
4652
.5045
. 5055
.5072
.3982
.3287
.0572
. 0062
.0038

.5866

.5115
.4745
.5653
.4608
.4803

.0176
.0187
.1078
. 2850
.5016

.4710
.5108
.5098
.5245
L4291
.3737
.0899
.0211

0178

.5598
.5288
.5141
.3857
.6158
.4578
. 5466

.095%9
L1011
. 2654

0.0756
0.0769
0.0910
0.0727
0.0975
0.0929
0.0855
0.0713
0.0833

0.0846
0.0849
0.09%1
0.0703
0.0760
0.0706
0.0935

0.0000
0.0000
0.0059
0.0516
0.0774¢
0.0868
0.0865
0.0825
0.0841
0.0847
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988 (5) (5) t5) 0.4779 0.4497 0.4622 0.4769 0.0807 0.0652 0.0778 0.0808
(10) (10) (10) 0.5601 0.5367 0.5719 0.562% 0.0825 0.0678 0.0871 0.0838

g

990 (1) (1) (.1) 0.1920 0.2079 0.1421 0.1937 0.0198 0.0171 0.0177 0.0201
991 (.2) 0.3054 0.3162 0.2650 0.3037 0.0519 0.0462 0.0696 0.0521
992 t.5) 0.4713 0.4638 0.4584 0.4692 0.0995 0.0878 0.1006 0.0998
993 (1} 0.5088 0.4974 0.504%4 0.5080 0.0915 0.0776 0.0848 0.0918
994 (2) 0.4423 0.6374 0.4401 0.4388 0.1042 0.0946 0.0950 0.1033
995 (5) 0.2287 0.2%403 0.2716 0.2290 0.0721 0.0579 0.0762 0.0731
996 (10) 0.1349 0.1810 0.1609 0.1333 0.0313 0.0289 0.0370 0.0317
997 4 3 3 (.1) (.1) (.1) 0.4933 0.4834 0.4722 0.4974¢ 0.0819 0.0704 0.0761 0.0812
998 t.2) (.2) (.2) 0.5408 0.5236 0.5197 0.5389 0.1038 0.0932 0.1019 0.1044
999 (.%) {.5) 1.5) 0.4974 0.4785 0.4903 0.4972 0.092%6 0.0779 0.0989 0.0928
1000 (1) 1) (1) 0.5771 0.5769 0.5615 0.5774 0.0889 0.0804 0.0609 0.0887
1001 (2) (2) (2) 0.4510 0.49495 0.449% 0.4506 0.0717 0.0638 0.0732 0.0708
1002 t5) t5) (5) 0.4506 0.4345 0.4413 0.4503 0.0702 0.0584 0.072% 0.069%
1003 (10) (10) (10) 0.5350 0.5179 0.5214 0.5363 0.1048 0.0881 0.0849 0.1048
1006 (1) (1) {.1) 0.2004 0.2187 0.1273% 0.2015 0.0233 0.0197 0.0210 0.0232
1008 (.2) 0.2936 0.2943 0.2264 0.2943 0.0565 0.0371 0.0497 0.0577
1006 (.5) 0.4540 0.4366 0.4634 0.4547 0.0905 0.0721 0.0795 0.0911
1007 (1) 0.4515 0.4372 0.4893 0.4490 0.0887 0.0790 0.1137 0.0883
1008 (2) 0.3676 0.3773 0.3730 0.3667 0.0807 0.0696 0.0693 0.0790
1009 (8) 0.1909 0.2229 0.2902 0.1902 0.0614 0.0541 0.0807 0.0607
1010 (10) 0.1056 0.1338 0.1927 0.1039 0.0299 0.0247 0.0688 0.029%
1011 ¢ 3 2 (.1) (.1) (.1} 0.5595 0.5460 0.53G61 0.5596 0.0848 0.0776 0.0748 0.0844%
1012 (.2) (.2) (.2) 0.5431 0.5270 0.5560 0.5431 0.0760 0.0633 0.0782 0.0766
1013 (.5) (.5) t.5) 0.5293 0.527) 0.5239 0.5281 0.0932 0.0873 0.0940 0.0918
1016 ) 1) t1l) 0.4070 0.4161 0.4249 0.4090 0.0895 0.0802 0.0792 0.0903
1015 (2) (2) (2) 0.5949 0.5667 0.5763 0.5971 0.0861 0.0737 0.0911 0.0845
1016 (5) (5) (5) 0.4417 0.6403 0.4447 0.4392 0.0834 0.0737 0.0956 0.0827
1017 (10) {10) (10) 0.5119 0.5075 0.5432 0.5131 0.0875 0.0774 0.0790 0.087%
1018 (1) (1) (.1) 0.26587 0.2742 0.1660 0.2680 0.06459 0.0385 0.0229 0.0465
1019 (.2) 0.3563 0.3581 0.2880 0.3598 0.0484 0.0621 0.0406 0.0491
1020 {.5) 0,6752 0.4613 0.64467 0.4767 0.0726 0.0558 0.0713 0.072%
1021 (1) 0.5606 0.5456 0.6072 0.5631 0.0840 0.073¢ 0.0832 0.0834
1022 (2) 0.9415 0.4367 0.4696 0.4462 0.0964 0.0872 0.0887 0.0970
1023 (5) 0.2660 0.2730 0.3497 0.2636 0.0947 0.0881 0.0919 0.091
1024 (1) 0.1012 0.1314¢ 0.2189 0.1019 0.0352 0.0328 0.0638 0.0351
1025 ¢ &6 4 U(0,.1) U(0,.1) U(0,.1) 0.4612 0.4640 0.4659 0.4613 0.1028 0.1068 0.1036 0.1027
1026 (0,.2) (0,.2) t0,.2) 0.5179 0.5282 0.5317 0.5186 0.0806 0.0815 0.0764 0.0818
1027 (0,.5) (0,.5) (0,.5) 0.6214 0.4259 0.4438 0.4226 0.0799 0.0811 0.0860 0.0786
1028 (0,1) (0,1) (0,1) 0.5137 0.5179 0.4856 0.5129 0.0767 0.0766 0.0717 0.0740
1029 1{0,2) 10,2) 10,2) 0.5329 0.5358 0.5322 0.5343 0.0830 0.0849 0.080% 0.0829
1030 (0,5) (0,5) (0,5) 0.4562 0.4627 0.4682 0.4556 0.0786 0.0815 0.0840 0.0790
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APPENDIX F
; ANOVA APPROXIMATE TEST ;

NAMBER OF ITERATIONS: 50
SAMPLE DISTRIBUTION: N(0,1) .
SAMPLE
SIZES AVERAGES VARIANCES
CASE 1l 2 3 p R F K A R F K A
- 1305 2 2 2 200 0.5107 0.4718 0.469%96 0.4912 0.0692 0.0795 0.0725 0.0723
v 1306 300 0.5333 0.5063 0.5032 0.5207 0.0798 0.0771 0.0876 0.0822
: 1307 4«00 0.5000 0.4585 0.4672 0.486% 0.0668 0.0672 0.0744 0.0654
o 1308 500 0.4600 0.4281 0.4248 0.4356 0.0659 0.0660 0.0728 0.0681
* 1309 600 0.5640 0.5282 0.5045 0.5470 0.0641 0.0747 0.0703 0.0631
- 1310 700 0.5400 0.5021 0.5159 0.5208 0.0790 0.0817 0.0823 0.0801
- 31 800 0.4880 0.4509 0.4504 0.4630 0.0841 0.0797 0.0840 0.0816
z 1312 200 0.5520 0.5043 0.4970 0.5356 0.0833 0.0893 0.0862 0.0841
4 1313 1000 0.5773 0.5426 0.5470 0.5568 0.0865 0.0886 0.0891 0.0867
; 1314 1100 0.5533 0.5183 0.5277 0.5326 0.0697 0.0801 0.0862 0.0679
« 1315 1200 0.5440 0.5072 0.5123 0.5243 0.0841 0.0870 0.0853 0.0868
w 1316 1300 0.4693 0.4423 0.4330 0.4528 0.0883 0.0928 0.0867 0.0881
> 1317 1400 0.5227 0.4695 0.4985 0.5043 0.1022 €.0977 0.1007 0.0993
o] 1318 1500 0.5013 0.4663 0.4539 0.4804 0.0713 0.0738 0.0756 0.0727
v 1319 1600 0.5040 0.4732 0.4816 0.64853 0.0646 0.0307 0.0753 0.0648
- 1320 1700 0.5267 0.4986 0.4975 0.5044 0.0875 0.0866 0.0929 0.0862
< 1321 1800 0.5680 0.528]1 0.5372 0.5477 0.0768 0.0787 0.0803 0.0750
fo 1322 1900 0.5053 0.4649 0.4685 0.4833 0.0693 0.0731 0.0709 0.0702
W 1323 2000 0.5453 0.5051 0.5326 0.5263 0.0778 0.0713 0.0836 0.0747
U
3 1326 3 3 3 200 0.5176 0.5102 0.5375 0.5209 0.0771 0.0800 0.0735 0.0758
g 1325 300 0.4715 0.4711 0.4904 0.4678 0.0853 0.086% 0.0772 0.0859 '
T 1326 400 0.5566 0.5540 0.5402 0.5565 0.0745 0.0756 0.0729 0.0727
'Y 1327 500 0.5266 0.5270 0.5211 0.5215 0.0926 0.0961 0.0886 0.0939
W 1728 600 0.5278 0.5241 0.5263 0.5257 0.0947 0.0928 0.084¢ 0.0956
L3 1229 700 0.4971 0.4974 0.5040 0.4940 0.0785 0.0770 0.0825 0.0785
1330 800 0.5461 0.5431 0.5487 0.5493 0.0786 0.0815 0.0726 0.0790
133 900 0.5516 0.5582 0.5237 0.5468 0.0822 0.0838 0.0725 0.081%
1332 1000 0.4421 0.4369 0.4540 0.4414 0.0876 0.0822 0.0903 0.0877
1333 1100 0.4595 0.4627 0.4540 0.4575 0.0742 0.0751 0.0765 0.0730
1334 1200 0.5464 0.546% 0.5516 0.5468 0.0811 0.0808 0.0747 0.0810
1335 1300 0.5525 0.5527 0.5501 0.5492 0.0671 0.0671 0.0660 0.0666
1336 1400 0.4419 0.4376 0.4265 0.4407 0.0833 0.0853 0.0835 0.0819
1337 1500 0.5340 0.5383 0.5138 0.5300 0.0885 0.091S 0.0886 0.0880
1338 1600 0.4721 0.4727 0.4510 0.4732 0.0789 0.0818 0.0756 0.0790
1339 1700 0.64378 0.4366 0.4197 0.4360 0.0736 0.0735 0.0657 0.0734
1340 1800 0.5346 0.5264 0.5422 0.5345 0.0797 0.0778 0.0822 0.0790
1341 1900 0.5666 0.5451 0.5645 0.5469 0.0838 0.0856 0.0760 0.0836
1342 2000 0.4709 0.4672 0.4619 0.4702 0.004% 0.0859 0.0707 0.0841
13436 & & 200 0.5439 0.5409 0.5429 0.5476 0.0789 0.0760 0.0832 0.0769
1344 300 0.4470 0.4480 0.4343 0.4488 0.1017 0.1039 0.0841 0.10.6é
1345 %00 0.5044 0.5028 0.499%% 0.5067 0.0754 0.0733 0.0671 0.0733 |
1346 500 0.5313 0.5298 0.5205 0.5250 0.0804 0.0809 0.0790 0.0813
1347 600 0.5617 0.5631 0.5639 0.5613 0.0772 0.0773 0.0752 0.0787 a
1348 700 0.5188 0.5209 0.5215 0.5203 0.0821 0.0824 0.0779 0.0816 v
1349 600 0.6660 0.4688 0.4478 0.4668 0.0859 0.0834 0.0802 0.0861
1350 900 0.5048 0.5041 0.4986 0.5042 0.0825 0.0831 0.0818 0.0828 ;
1351 1000 0.5151 0.5124 0.508% 0.5172 0.0846 0.0833 0.0728 0.0852 o
1352 1100 0.5222 0.5222 0.5334 0.5204 0.0787 0.0778 0.074% 0.0790 :
1353 1200 0.4844 0.4831 0.4897 0.4840 0.0886 0.0882 0.0766 0.089%
1356 1300 0.5636 0.5579 0.5232 0.5632 0.0850 0.0847 0.074% 0.0845 -
1355 1400 0.4731 0.4745 0.4735 0.4734 0.0733 0.0740 0.0677 0.0738 Q
1356 1500 0.5429 0.542¢ 0.5489 0.5442 0.0830 0.0820 0.0845 0.0828 K
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1422 500 0.5202 0.85197 0.525]1 0.5231 0.0887 0.0847 0.0879 0.0859
1423 00 0.5398 0.5443 0.5075 0.5411 0.0888 0.087¢ 0.07¢4 0.0840
1426 700 0.5033 0.50% 0.4970 0.5059% 0.0750 0.0732 0.086% 0.0749
1428 800 0.4392 0.4347 0.4383 0.4389 0.0%3] 0.09°® 0.0879 0.09%8
1626 900 0.4753 0.4766 0.4634 0.476¢1 0.07¢6 0.0708 0.0731 0.0788
1027 1000 0.0477 0.0487 0.4431 0.4493 0.0866 0.0065 0.0808 0.0854
1428 1100 0.827¢ 0.5230 0.5300 0.5281 0.072¢ 0.0711 0.0668 C.0731
1429 1200 0.5902 0.5897 0.%%07 0.5%9 0.1023 0.1032 0.1083 0.1019
1630 1300 0.5176 0.5217 0.5170 0.5178 0.0878 0.0804 0.08S5% 0.0887
1631 1400 0.9498 0.4462 0.442) 0.4506 0.0864 0.0858 0.0881 0.0861
1432 1800 0.5223 0.5198 0.5062 0.5217 0.0916 0.0°08 0.0809 0.0933
1413 1400 0.4932 0.¢89] 0.4918 0.4908 0.1116 0.1116 0.1084 0.1110
1634 1700 0.5411 0.5431 0.527¢ 0.5410 0.092¢ 0.0933 0.08% 0.0919
1038 1800 0.4385 0.4387 0.4465 0.4387 0.087% 0.0888 0.0878 0.0878
16436 1900 0.5099 0.5100 0.494 0.5099 0.0911 0.0918 0.0932 0.091s
1437 2000 0.5598 0.5872 0.872¢ 0.5574 0.0888 0.0895 0.0%21 0. 088)
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